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ADVERTISEMENT. 

The responsibility of the statements and opinions given in the 
following Papers and Discussions rests with the individual authors ; 
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A Summer Meeting of the Institution was held in Sheffield on 
Wednesday, 15th June, 1898, and two following days. 

The following important body of gentlemen, who formed the 
Local Reception Committee d^ Sheffield, made the most hospitable 
arrangements for the reception and entertainment of the Members 
of the Institution, and rendered valuable services in promoting the 
success of the meeting : — 

LOCAL RECEPTION COMMITTEE AT SHEFFIELD. 



(Those marked with aa asteriak constituted the Ezecutiye Committee.) 



Chairman, 

•The Right Honourable the Lord Mayor of Sheffield, 

Alderman George Franklin. 

Vice-Ghairman, 

♦Sir Alexander Wilson, Bart., 

Messrs Charles Cammell & Co., Limited, Cyclops Works. 

HoTuyrary Treasurer, 

W. F. OSBORN, Esq., 

Messrs Samuel Osbqrn & Co.,^ Clyde Steel and IronWorks, Wicker. 
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Homfary Secretary. 
*Prof. F. W;. Hakp^GK, University. College, Sheffield. 
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William Frost, Esq., Messrs Vickers Sons & Maxim, Limited, 

River Don Works. 
H. H. Andrew, Esq., Messrs J. H. Andrew & Co., Limited, 

Toledo Steel Works. 
John Rodgers, Esq., Messrs Joseph Eodgers & Sons, Limited, 

Norfolk Street. 
Samuel Osborn, Esq., Messrs Samuel Osbom & Co., Clyde Steel 

and Iron Works, Wicker. 
♦Colonel J. E. Bingham, Messrs Walker & Hall, Howard Street. 
Charles Henry Bingham, Esq., Messrs Walker & Hall, Howard 

Street. 
*W. F. Beardshaw, Esq., Messrs J. Beardshaw & Son, Limited, 

Baltic Steel Works, Effingham Eoad. 
Joseph Jonas, Esq., Messrs Jonas & Colver, Limited, Continental 
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♦Robert Colver, Esq., Messrs Jonas & Colver, Limited, Continental 
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Works. 
W. Atkins, Esq., Reliance Steel Works, Bessemer Road, Attercliffe. 
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Works. 
J. Grayson Lowood, Esq., Five Oaks, Sheffield. 
J. A. Craven, Esq., Messrs Cravens, Limited, DarnalL 
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C. A. R JowiTT, Esq., Messrs Thos. Jowitt & Sons, Scotia Works. 

H. K. Peace, Esq., Messrs W. K. & C. Peace, Eagle Works. 

G. W. Hawksley, Esq., Messrs Hawksley, Wild & Co., Savile 

Street,' East. 
George Senior, Esq., Messrs George Senior & Sons, Limited, 

Ponds Forge. - 
Alfred Beckett, Esq., Messrs Alfred Beckett & Sons, Brooklyn 

Works. 
•Robert Schott, Esq., Messrs Seebohm & Dieckstahl, Dannemora 

Steel Works. 
Thomas Wilkinson, Esq., Messrs William Cook & Co., Limited, 

Tinsley. 
E. Dickinson, Esq., Messrs The Hardy Patent Pick Co., Limited, 

Heeley. 
J. Stanley Watson, Esq., Messrs J. J. Saville & Co., Germania 

Works. 
John Sutton, Esq., Messrs Leadbeater & Scott, Penistone Road. 
H. Linley Howlden, Esq., Messrs Mappin & Webb, Norfolk Street. 
Dr Hicks, F.RS., Principal of University College, Sheffield. 
♦Professor William Ripper, University College, Sheffield. 
Professor John Oliver Arnold, University College, Sheffield. 
C. H. Gilbert Hay, Esq., Messrs Hay & Sons, Norfolk Street. 
Ca^BLES F- Wike, Esq., Borough Surveyor, Town Hall. 
*R Heber Radford, Esq., 15 St. James' Row. 
George Addy, Esq., Waverley Works, Effingham Road. 
T. Davage, Esq., Messrs Thos. Firth & Sons, Limited, Norfolk 

Works. 
J. F. Moss, Esq., School Board Offices, Leopold Street. 



The following programme of Meetings, Entertainment?, and 
Excursions was supplied to the Members: — 
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Tuesday, 14th June. 

A special express train to Sheffield will leave Glasgow (St. Enoch's, 
Platform No. 6) on Tuesday, 14th June, at 11-45 a.m., stopping at 
Kilmarnock to take up passengers. A halt of thirty-five minutes 
will be made at Carlisle for luncheon. Departing from Carlisle at 
2-45 p.m., the train will reach Sheffield at 6-15 p.m. 

Wednesday, 15th June. 
9-0 a.m. — Secretaries' Office open at the Cutlers* Hall. 

9-45 a.m. — Reception of the President (George Russell, Esq.), and 

the Council and Members of the Institution at the 
Cutlers' Hall, by the Lord Mayor of Sheffield 
(Alderman Franklin), The Master Cutler, and other 
Members of the Local Reception Committee. 

10-0 a.m. — Meeting at the Cutlers' Hall, Church Street, for the 

reading and discussion of the following papers — 
George Russell, Esq., President, in the chair : — 

" The Problem of Combustion in Water-Tube BoilerSy and a 
Means of its Solution" by Mr James Weir (Member 
of Council). 

*^TIie Transmission of Heat through Plates from Hot Gases 
to TTater" by Mr George Halliday, Wh. Sc. 
(Associate). 

Professor John Oliver Arnold, of the University 
College, Sheffield, will deliver a Lecture on "The 
Internal Architecture of Metals'^ (Illustrated). 

12-4.9 p.m. — Luncheon at the Cutlers' Hall, on the invitation of the 

Reception Committee. (Ladies invited). 
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1-30. p.m« — ^Vehicles will be in attendance at the Cutlers' Hall to 

convey parties to and from the following Works: — 

No. on Map. 

A, — The Cyclops Works of Messrs Charles 

Cammell & Co., Limited. 13 

B. — The Atlas Works of Messrs John Brown 

& Co., Limited. 14 

C— The Electro - Plating Works of Messrs 

Walker & Hall. (Ladies invited). 15 

7-0 p.m. — Institution Dinner at the Cutlers' HalL (Evening 

Dress). 

Thursday, 16th June. 
9-0 a.m. — Secretaries' Office open at the Cutlers' Hall. 

9-30 a.m. — Vehicles will be in attendance at the Cutlers' Hall, 

to convey parties to and from the following 
Works : — 

No. on Ifap. 

A. — The Norfolk Works of Messrs Thomas 

Firth & Sons, Limited. 16 

B. — The Eaver Don Works of Messrs Vickers, 

Sons, & Maxim, Limited. 17 

C. — The Cutlery Works of Messrs Joseph 
Eodgers & Son, Limited, and 
The Electro-Plating Works of Messrs 

Mappin & Webb. (Ladies invited). 19 

D. — The Clyde Steel and Iron Works of Messrs 20, 20a, 

Samuel Osborn & Co., and and 206. 
The Dannemora Steel Works of Messrs 

Seebohm & Dieckstahl 21 

12-20 p.m. — Luncheon at the Cutlers' Hall, on the invitation of 

the Eeception Committee. (Ladies invited). 
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1-30 p.m. — 'A special train will leave Sheffield (Victoria Station) 

at 1-30 p.m., arriving at Worksop at 1-55 p.m. 
Carriages and other conveyances will be in 
attendance at Worksop Station to convey the 
passengers to Welbeck Abbey, the seat of His 
Grace the Duke of Portland. Visitors will be 
admitted to the Pleasure Grounds, Gardens, 
Eiding School, Tan Gallop, etc. Tea will be 
served in the Eiding School. The special train 
will leave Worksop at 6-20 p.m., arriving at 
Sheffield at 6-50 p.m. 

9-0 p.m. — Eeception in the Town Hall, Pinstone Street, by 

invitation of the Lord Mayor of Sheffield and 
Lady Mayoress. (Ladies invited — Evening 
dress). 

Friday, 17th June. 
9-0 a.m. — Secretaries' Office open at the Cutlers' Hall. 

10 a.m. — (A)* All-day excursion to Bakewell, Haddon Hall, and 

Chatsworth. Carriages and Conveyances will 
leave the Cutlers' Hall at 10 a.m., and on 
arrival at Bakewell, luncheon will be served 
at the Rutland Arms Hotel. After luncheon, 
the same conveyances will be in attendance 
to drive to Haddon Hall, the property of His 
Grace the Duke of Rutland. Thereafter visitors 
will be driven to Chatsworth, the principal resi- 
dence of His Grace the Duke of Devonshire, 
to see the House, Gardens, etc. Dinner will 
be served at the Baslow Hydropathic at about 
6-15 p.m. The carriages and conveyances will 
leave Baslow for Sheffield at about 7-30 p.m. 



*At Welbeck and Haddon Hall, a nominal fee is charged for admission, 
the proceeds being distributed amongst local charitable institutions. 
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1-30 p.m. — (B)*t Afternoon excursion to Cbatsworth, to allow Mem- 
bers, who majr desire, to visit works in the 
morning. Conveyances will leave the Cutlers* 
Hall at 1-30 p.m. for Chatsworth. Dinner will 
be provided at the Baslow Hydropathic at about 
6-15 p.m. Party B will leave Baslow for 
Sheffield at the same hour as party A. 



The Excursions arranged for each day, and distinguished by 
letters of the alphabet, are alternative. 



Saturday, 18th June. 
A special express train to Glasgow will leave Sheffield at 9-50 
a.m., halting at Carlisle for 35 minutes, where refreshments will be 
served. A stop will be made at Kilmarnock to set down passengers. 
Time of arrival at Glasgow, 4-20 p.m. 



The following works are open to Members of the Institution on the 
days, and at the times, specified below, on the production of a 
card of invitation. 
Members who propose visiting any of the works which have a 

definite time fixed for the visits are requested to signify their 

intention to the Secretaries not later than Wednesday morning, 

June 15th. 



Wednesday Afternoon. 
Messrs William Cooke & Co., Limited, Tinsley. 

Makers of Wire fiopes. Rods, Horse Shoes, Pig Iron, Iron 
and Steel Bars. 2 to 4 p.m. 

* At Chatsworth, a nominal fee is charged for admission, the proceeds being 
distribated amongst local charitable institutions. 
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. Messrs Hawksley, Wild, & Co., Savile Street East. 

Manufacturers of Steam Boilers, £^gine Fittings, Feed- 
Water Heaters, and Flanging work. 2 to 4 p.m. 

Thursday. 
Messrs J. Grayson Lowood, & Co., Limited, Deepcar. 

Gannister Merchants, Silica and Fire Brick Manufacturers. 
2 to 5 p.m. 

Messrs The Silica Fire Brick Co., Limited, Oughtibridge. 
Morning or Afternoon. 

Friday Morning. 
Messrs J. H. Andrew & Co., Limited, Toledo Steel Works, 
Neepsend. Manufacturers of Steel, Files, Springs, etc., 
Tilters and Forgers. 11 a.m. to 12 noon. 

Messrs Sir Charles Skelton & Co., Sheaf Bank Works, Heeley. 
Manufacturers of Spades, Shovels, Forks, Hammers, and 
Edge Tools. 10 a.m. to 12-30 p.m. 

Messrs The Hardy Patent Pick Co., Limited, Mining Tool Works, 
Heeley. Manufacturers of Picks, Shovels, Spades, Forks, 
Mining and Quarrying Tools. 10 a.m. to 1 p.m. 

The Subjoined Works may be Visited on any Day. 
Messrs J. Beardshaw & Son, Limited, Baltic Steel Works, 
EflSngham Road, Manufacturers of Profile Steel for Tools, 
Saws for Hot and Cold Iron, etc. Any time. 

Messrs Alfred Beckett & Sons, Brooklyn Works, Green Lane. 
Manufacturers of Steel, Files, Saws, Machine Knives, etc. 
Any time. 

Messrs Thos. Jowitt & Sons, Scotia Works. 

Manufacturers of Steel, Files, and Engineers' Tools. Any time. 
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. Messrs Leadbeater & Scott, St. Mary's Works, Penistone Boad. 
Manufacturers of Steel, Files, Hammers, and Castings ; and 
Wire Drawers. Any time. 
Messrs W. K. & C. Peace, Eagle Works, Mowbray Street. 

Manufacturers of Steel, Files, Edge Tools, Scythes, Machine 
Knives, Cast Steel Hammers, etc. Any day, except 
between 1 and 2 p.m. 
Messrs J. J. Saville & Co., Grermania Works, Shoreham Street. 
Manufacturers of Steel, Files, and Mill Tools. Any day, 
10 a.m. to 12 noon, and 3 to 5-30 p.m. 
Messrs George Senior & Sons, Limited, Sheaf Street. 

Shear Steel Manufacturers, Tilters and Forgers, Converters* 
Any time. 
Messrs Moss & Gamble Brothers, Franklin Works, Russell Street. 
Manufacturers of Files, Saws, and Tools. Any time. 

PROCEEDINGS. 

The Proceedings of the Summer Meeting opened in the Cutlers' 
Hall, Sheffield, on Wednesday, June 15th, at 9-45 a.m., when the 
President, Council, and Members, were received by the Lord Mayor, 
Alderman George Franklin, and the Master Cutler, Sir Alexander 
Wilson, Bart. 

The Lord Mayor said the visit of the Institution had been 
keenly anticipated by Sheffield people, and he hoped that the result 
of the visit would be such as to enable its members to take away 
pleasant recollections. The Clyde had long been noted, and had a 
world-wide reputation, for the excellence of its manufactures in both 
engineering and shipbuilding — a reputation worthy of the birthplace 
of James Watt, whose scientific skill and genius and investigations 
had done so much to make the whole world indebted to that 
immortal engineer. Sheffield had very much in common with the 
cities on the Clyde, in that she was trying to provide the armour 
with which to clothe the ships built on the Clyde. He was not 
claiming too much for the citizens of Sheffield when he said they 
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were determined to maintain against all comers the excellent repu- 
tation they had deservedly gained in that respect. The science 
which governed methods of production was constantly developing new 
phenomena, and this necessitated the establishment of what might 
be called a pioneer department in every large manufacturing concern. 
That gathering might be considered to be a meeting of pioneers — 
those present were the sappers and miners, and the advance guard 
of a greater army of scientific thinkers and skilful workers, who 
would shortly occupy the markets of the world. Nothing but good 
could come of meetings of that description — not only immediate 
good to the members personally, but a greater and more lasting 
good to the great body of the people as a whole. Sheffield had 
recently had the misfortune to lose by death the Master Cutler, 
who represented the commercial interests of the City, but in those 
unfortunate circumstances nothing could be more happy than to have 
joining with him in welcoming the Institution, Sir Alexander 
Wilson, a past Master Cutler, who had consented to occupy his 
old position until September next. 

The Master Cutler said it afforded him very great pleasure, on 
behalf of the Cutlers' Company and the commercial interests of the 
city, to join in a hearty and sincere welcome. They would see in 
Sheffield a great deal worth seeing, as ought to be the case in a city 
where the finest steel in the world was made. 

The President (Mr George Russell) desired on his own behalf 
and on behalf of the members of the Institution generally, to oflFer 
their best thanks for the very enthusiastic welcome accorded to the 
Institution. They did not anticipate being received with so much 
ceremony when it was arranged to visit Sheffield. 

The Secretary read the minutes of the previous meeting, which 
were approved and signed by the President, who thereafter called 
upon Mr John Ward to propose a vote of thanks. 

Mr Ward moved a resolution of thanks to the Lord Mayor, Lady 
Mayoress, the Master Cutler, and the Reception Committee for 
their right royal welcome. During the 41 years of the Institution's 
existence the members claimed to have done a good deal of quiet and 
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unostentatious work, and in the doing of it they had preferred to 
stay at home. This was only the second occasion on which they 
raid cared to leave home and lay themselves open to what ill-natured 
critics might say was a course of giddiness and dissipation. But 
they were now beginning to think it was time they broke down 
their clannishness and conservatism, and that good would result 
by visiting other places and meeting captains of industry who were 
doing the world's work in industrial centres. And so when it was 
suggested that they should visit Sheffield they unitedly said "Yes," 
and they and the partners of their joys and sorrows looked forward 
with confidence to a very pleasant and enjoyable outing. The 
Lord Mayor had honoured them by personally welcoming them, 
and he and the Lady Mayoress were joining in warm hospitality 
to them, and the Master Cutler had honoiu:ed them by allowing 
the use of that historic hall. As to the Reception Committee, 
might they and their energetic secretary, Professor Hardwick, live 
long and prosper. Their warmest thanks were also due to the 
gentlemen who were allowing them to visit works whose reputation 
had for years been as familiar as household words. Their visit to 
Sheffield would result in the forming of new friendships, which 
would last long after the pleasant associations of the ^dsit had 
become but a memory, and they would return home with that 
high opinion always held of Sheffield and its captains of industry 
intensified. 

Mr James Molltson seconded the vote of thanks. He said 
they all felt pleased at the very excellent arrangements which had 
been made on their behalf by their Sheffield friends. He was sure 
that many of them had no conception of Sheffield's Industries, and 
what had been accomplished in the city. No doubt their visit 
would be fraught with happy remembrances, not only concerning 
what had been seen but of the kindness of the people of Sheffield. 

The resolution was carried with acclamation. 

The reading of papers was then proceeded with. 



THE PROBLEM OF COMBUSTION IN WATER- TUBE 
BOILERS, AND A MEANS OP ITS SOLUTION. 

By Mr James Weir (Member). 



SEE PLATE II. 



Bead at Sheffield, 15th June, 1898. 



In adding one more to the already large number of contributions to 
the literature of the water-tube boiler, the writer calls to mind the 
statement of an eminent authority on a somewhat different matter, 
that <*it requires a considerable amount of ignorance to speak 
positively on such a subject" It will, however, be a necessity to 
speak positively on various points, but, as a corrective in so doing, 
an endeavour will be made to appeal to the experience of engineers 
familiar with the types and performances of boilers generally, as the 
purpose of this paper is practically an application of that experience 
to new and hitherto unfamiliar conditions. 

For a considerable time past, the engineering world has been 
inundated with designs of new water-tube boilers. Whole families 
of these boilers have been born, supporting the doctrine of heredity 
in an unmistakable manner. Phenomenal results have been tabu- 
lated and given forth, advantages of many kinds have been claimed, 
but to all these the great mass of engineering opinion in this country, 
while conceding here and there a point, has been, on the whole. 
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inert and unresponBive. In particular the Mercantile Marine^ 
which is always eager to seize on any engineering development 
likely to affect its balance sheet, has held strangely aloof, and has 
not yet been, to use the expression of a distinguished Scotchman 
lost to engineering, *' battered into acquiescence " on the subject of 
water-tube boilers. Exception to the above statement must, of 
course, be made in the case of the Navy; where, however, the 
requirements are of a different nature from those which obtain in 
the Mercantile Marine, and in ordinary industrial spheres. Granting 
these requirements to bo to some extent abnormal ; nevertheless, we 
find that many of the advantages claimed for water-tube boilers are 
such as, other things being equal, should commend their adoption 
generally where boiler plant is in use. Their capability for the 
development of high pressures on a comparatively small weight, 
their rapidity in raising steam, their ease of transport and erection^ 
all appeal to the commercial sense, upon which, after all, engineering 
opinion is founded. Why is it then, that with this mass of evidence 
in its favour, the water-tube boiler has not been more rapidly and 
more generally adopted in the Mercantile Marine ? 

Firstly, it may be said, it is on account of the character of the 
evidence, so far as trials and results are concerned. A pound of coal 
burned in a boiler is capable of producing a certain definite number 
of units of heat, depending upon its composition and quality, and for 
any particular boiler the method of burning and the arrangement 
most suitable for utilising that heat has to be found. When, therefore, 
we have found these for a particular boiler, we can, on trial, get as 
good a result from one boiler as from any other. This is a fact 
which must be taken into account, when considering the high results 
which have been published of the performances of water-tube 
boilers ; because these results have been obtained by the most careful 
manipulation, and under the most favourable conditions, specially 
studied and arranged for the boiler under trial. That such results 
have been obtained, and can be obtained, is not questioned, but the 
point is that they have been obtained under conditions, and by 
attention which are quite outside the range of everyday working. 
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It is not on exhibition results of this kind that the commercial man, 
looking for some improvement in his boiler plant, bases his calcula- 
tions and forms his opinion, but on lengthy and continuous trials 
under the actual conditions of his work. 

Secondly, leaving aside all considerations of design, we may 
state broadly that law efficiency on continuous working is the next 
feature which has chiefly militated against the adoption of the 
water-tube boiler. This is specially the case in the Mercantile 
Marine, where continuous economical working is a primary 
necessity. 

In seeking the reason for this, the common failing of water-tube 
boilers, we will consider first of all the conditions which must be 
fulfilled in boilers not of the water-tube type, in order to give good 
results, conditions which experience has made familiar to most 
engineers. We may say that, to make a good steam boiler, the 
following points must have attention : — 

1. Good combustion must be obtained. 

2. The heating surface must be sufficient to take up the 

heat. 
Taking the first point, if we examine how the combustion is 
carried out in the most economical boilers, we find that in all 
boilers which give good results the combustion is carried out in the 
same manner. As a typical example, we shall take the marine 
return-tube boiler. Here we have, first, the furnace, in which the 
coal is burned and the inflammable gases produced. Next, we have 
the bridge, over which the gases pass together with the air, either 
admitted at the front or through the grate near the bridge, generally 
at both places. The function of the bridge is to reduce the opening 
through which the gases and the air must pass into the combustion 
chamber. The effect of reducing the opening is to accelerate the 
speed of the gases passing through the opening, with the result 
that, when they enter the large space behind the bridge, eddies and 
whirling motions are set up which thoroughly mix the air and gases, 
and combustion is the result. Next we have this space behind the 
bridge, namely, the combustion chamber, in which the gases are 
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burned. To obtaiQ good results, it is absolutely necessary that 
both the furnace . and combustion chambers should be properly 
arranged ; the furnace must have sufficient room above and below 
the fire grate, and. the, combustion chamber must be large enough to 
deal with the volume of gases passing through it. Nevertheless, 
with a well-proportioned furnace and a sufficiently large combustion 
chamber, good results will not be obtained unless the bridge opening 
or passage between them be properly arranged. This point need 
scarcely be further insisted upon, as it is a well-known fact that the 
efficiency of every boiler depends a great deal on the proper propor- 
tion and arrangement of bridge and combustion chamber. 

If we wish to test the effect of modifying the bridge and combus- 
tion chamber in one of these economical boilers, let us, for example, 
refer to the boilers shown in Figs. 3, 4, and 5. In Fig. 3 we have 
the grate bars carried right back into the combustion chamber, with 
the bridge-wall at the back. In this case, the combustion chamber 
is for all practical purposes converted into a flue for leading the air 
and gases to the tubes. The effect of this construction is that the 
air and gases do not mix at all until they reach the uptake, where 
combustion will take place if they become ignited. When the fuel 
is coribumed in this manner we may expect to burn, in ordinary 
working conditions, say 2 lbs. of coal per I.H.P. per hour. By 
simply shifting the bridge-wall forward into the furnace, as in 
Fig. 4, the air and gases passing through the narrow opening over 
the bridge-wall will have their speed accelerated, and when they 
enter the large open space mixing will take place, and the better 
they are mixed the more complete will be the combustion. With 
conditions similar to those in the first case, but with this alteration 
on the bridge- wall we may expect to burn 1'6 lbs. of coal per I.H.P. 
per hour. In Fig. 5 we have again increased the size of the combus- 
tion chamber by curtailing the length of the grate, and under the 
same conditions as in tLe previous case we will only burn 1 '4 lbs. per 
I.H.P. per hour. Various explanations have been given to account 
for this result, but these need not be detailed. The writer is of 
opinion that the correct reason is to be found in the increased size 
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of the combustion chamber, and the manner in which the air and 
gases are practically tumbled over the bridge, so as to mix and 
ignite before passing through the heating tubes. 

In all economical types of land boilers, as, for example, the 
Lancashire boiler, the combustion is carried out in exactly the same 
way as described; and the means are also similar, viz., the 
furnace, the bridge, and the combustion chamber — the latter being 
in a line horizontal with the furnace instead of vertical, as in the 
case of the marine return-tube boiler. We have still a fairly 
economical boiler in the Locomotive type, on railway work, and in 
it also we find the same features reproduced, the bridge which 
divides the fire-box providing the combustion chamber over the 
furnace. 

Let us next consider the second point, viz., the heating sur- 
face. It may safely be said that all good water-tube boilers, of 
whatever type, have sufficient heating surface, though in some the 
heating surface is more efficient than in others. The value of the 
heating surface in all boilers depends on the uniform passages of 
the gases over or in contact with it. Now, in most water-tube 
boilers we find that the area between the tubes is too great, and 
the result is the same as making the area through the ti/hes too 
groat in a return-tube boiler. This would be a recognised defect in 
an ordinary boiler, but in one of the water-tube type, to remedy 
this alone would scarcely add anything to the efficiency, as it 
is a primary defect which must be rectified before the gases meet 
the tubes. 

It will be instructive if we now consider for a moment the 
combustion in the case of water-tube boilers generally. In practi- 
cally all water-tube boilers the process of burning the coal and 
gases is carried out in a single chamber, viz., the furnace. In 
some boilers the space over the furnace is large, with a view to 
utilising it as a combustion chamber. Now, this large space over 
the fire is intended to do the duty of mixing the air and gases, so 
that they may combine and burn, but to do this it must receive the 
air equally all over the fire through the grate, For the purpose of 
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attaining this in even an ordinary measure, great care and training 
on the part of the stokers is necessary, as every increase or diminu- 
tion in the rate of steaming, or the size of the coal, makes an increase 
or diminution in the thickness of fire necessary. If by careful 
stoking the mixing and combustion of the air and gases be actually 
attained, the temperature of the furnace will be equal to that of a 
well-designed puddling furnace, with the result that the boiler is 
subjected to conditions far more severe than those under which any 
ordinary good type of boiler ever works, or should work. It is 
worse than useless to admit air at the back, front, or sides of the 
furnace, as it will not mix with the gases, but simply shape its course 
straight for the nearest passage between the tubes to the funnel, 
and set fire to the gases there if they are sufficiently hot to ignite. 
In water-tube boilers of another type, where it has evidently been 
found to be a difficult matter to let the proper quantity of air 
through the grate, air-compressing pumps are employed to throw 
jets of air over the fires, and so bring about the mixture with the 
combustible gases. Even with these appliances, and with trained 
stokers, the danger of converting the uptake into a combustion 
chamber is considerable. There is one important lesson, however, 
to be learned from combustion as it occurs in existing water-tube 
boilers, viz. : that the tubes will stand this enormous heat generated 
in contact, and even although complete combustion is not attained, 
the temperature in this type is much higher than is ever attained in 
an ordinary furnace or combustion chamber. 

We have now considered the reason of the low efficiency in 
water- tube boilers, and we have also found in ascertaining the 
properties which secure efficiency, that there is a common property 
of all economical boilers which is absent in that of the water-tube 
type; viz., efficient combustion. We are therefore led to ask, 
can we not, by adopting similar means in a water- tube boiler, 
bring about a similar efficiency to that obtained in those economical 
types of boilers. 

This the writer has endeavoured to do, and he submits the 

"Weir" water- tube boiler as the practical answer to this question. 

2 
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It consists, like many other wat«r-tube boilers, of an upper steam 
drum and a lower water drum or drums, connected by tubes, but 
differentiated from others by the arrangement of a secondary 
combustion chamber A between the tubes, having an inlet and 
outlet so arranged as to effect the complete admixture of the air 
and gases, and thus obtain combustion before passing over the major 
portion of the heating surface of the boiler. In this boiler the 
writer has endeavoured to reproduce the phenomena of combustion 
in the same manner as these phenomena occur in the best marine 
return- tube boilers, and after continuous trial he feels justified in 
submitting this arrangement as a solution of the problem of 
combustion in water- tube boilers. 

In this paper it is not intended to describe the details of the 
boiler, but merely the evolution of the leading feature of the design, 
and accordingly it has been considered sufficient to give only one 
form of the boiler in illustration. 

Figs. 1 and 2 show the arrangement of a boiler suitable for a 
light draught channel steamer. It can, however, be adapted for 
practically any requirements, land or marine. In all cases the 
combustion is carried out as in the marine return-tube boiler, 
and it is fired in exactly the same way. It has, however, this 
advantage, that the stoker can look into the combustion chamber 
A through an aperture B provided for this purpose, and from 
the colour of the flame at the bridge opening C he can see if the 
necessary amount of air is being admitted, and if not he can 
increase the supply by adjusting the opening of the furnace door. 
By this adjustment the gases can be effectually burned with the 
minimum amount of air, in order to suit any rate of steaming, 
condition of fire, or quality of fuel. As a matter of actual practice, 
attention may be drawn to the fact that when the combustion 
chamber A is placed over and separated from the furnace D by 
the bridge wall E, it has been found that the most effective place 
to admit the air is through the furnace door, and not at the back 
of the furnace as is the case in most boilers. It may appear as if 
this were a departure from the arrangement in the marine return- 
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tabe boiler which we are endeavooring to reproduce, but a little 
consideration will show that it is analogous to that which obtains 
in that type. In this boiler the gases from the fire pass through 
below the bridge wall E, the air passing over and between them 
and the wall. In the return-tube boiler the gases pass over the 
bridge wall, and the air which is admitted below them passes 
between them and the wall. It will thus be seen that the only 
diflFerence lies in the bridge wall being inverted, which accounts 
for the apparent dissimilarity. 

In addition to this special feature; viz., the complete com- 
bustion of the fuel, other points of advantage might also be 
mentioned ; the ease of feeding, which requires no more attention 
than is necessary with a Scotch boiler; the independence of automatic 
complications ; the general simplicity of construction, which enables 
the boiler to be made in large units of from 2,000 to 4,000 I.H.P.; 
the ease of stoking, etc.; but the scope of this paper does not 
permit these to be spoken of at length. 

Having shown, however, the manner in which complete com- 
bustion is obtained in the " Weir " boiler, attention may be drawn 
to two most important results which follow thereon : — 

1. The complete absence of smoke. 

2. The suitability of the boiler for burning practically any 

kind of coal, and giving good results. 
The ease with which complete combustion is obtained, by 
regulating the air supply according to the colour of the ilame in 
the combustion chamber, has the effect of entirely preventing the 
production of smoke. In actual working, without special care, 
the stoker an entirely untrained man, and using small bituminous 
coal as fuel, only a slight vapour can be seen to leave the 
chimney, and thick black smoke is entirely unknown. The im- 
portance of this advantage for power plants installed in thickly 
populated centres, is so obvious as not to require insisting upon, 
and as it is obtained without expenditure in the shape of special 
stoking or blowing arrangements, but simply as a resultant effect 
of correct design, the gain is two-fold. 
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With regard to the second point, it is obtained by the same 
means as the first and is practically a corollary of the first, and 
it is mentioned, not as a mere logical sequence, but as a result of 
actual everyday working. The diflFerent qualities of coal obtained 
abroad require the' most careful consideration by superintendents 
of the Mercantile Marine, and largely affect the earning power of 
vessels in various ways. A boiler, therefore, which is capable 
of taking the utmost out of any kind of coal, and that without 
any extra attention other than the observation of fiame in the 
combustion chamber, has an advantage which is bound to affect 
most favourably the voyage account of any vessels so fitted. 

Let us consider for a moment how the points which we have 
just mentioned are applicable to the needs of H.M. Navy. It is 
unnecessary to point out the great importance, from a naval point 
of view, of preventing the emission of smoke. To secure this 
advantage the Admiralty has sacrificed much in times past. It 
has adopted hand-picked Welsh coal as the standard coal for the 
Navy, considering it to be the most suitable for its purpose. 

Conceding without question to the Belleville boiler, and to 
small-tube boilers adopted for H.M. Navy, the various advantages 
which are claimed for them, it is submitted that on this single 
point of the production of smoke they are far from satisfactory. It 
is impossible to gainsay this, as it is common to the experience of 
every engineer who has been associated with the vessels of H.M. 
Navy fitted with these boilers, and observed their performances. 
These results, be it noted, are obtained when using Welsh coal, 
which, according to all experience, is least capable of producing 
smoke. In the adoption of water-tube boilers then, with their 
various advantages, the Admiralty have lost this advantage — one 
which hitherto they have endeavoured to obtain at enormous cost, 
and one which, from a strategic point of view, is of the greatest 
importance. 

With reference to the second point, the capability of this boiler 
for burning practically any kind of coal, reference has just been 
made to the expense to which the Admiralty has gone by the 
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adoption of Welsh coal, and it may be pointed out that a great 
portion of this is entailed by the provision, at the various naval 
bases abroad, of adequate supplies of this coal. Attention has also 
been drawn in other quarters to the fact that in time of war the 
sphere of operations of the Navy will be, to a great extent, limited 
by the maintenance and quantity of these supplies. The adoption 
of water-tube boilers has greatly intensified this dependence, as it 
is a well-known fact that without the use of the best hand-picked 
Welsh coal, the results of these boilers are, to say the least, 
disappointing, and many of the advantages— apart altogether from 
the smoke question — are absolutely discounted. 

The coal endurance of a warship is a most important factor in 
her capabilities as an effective instrument of war ; the advantage, 
therefore, which any vessel possesses in being able to utilise, with 
good results, any class of coal obtainable at whatever quarter of the 
globe she may happen to be, must necessarily give her a vast 
superiority and greatly increase the range of her efficiency. 

The Welsh coal strike and the operations of the Spanish- 
American war are both object lessons which indicate the dependence 
of a Navy fitted with water-tube boilers, not upon coal alone, but 
upon one particular kind of coal, and reveal to us a vulnerable 
point in our national armour. 

These are a few examples of the questions affected by the 
solution of the problem which gives a title to this paper. It has 
been possible only to indicate them very briefly and in general 
terms, but it is hoped that their importance is none the less 
apparent. 

It may appear unusual, after describing a means of obtaining 
economy, that greater stress has not been placed upon the economical 
results of the arrangement described, and it may seem an un- 
warrantable omission that no table of results is appended to tills 
paper. A word of explanation as to why these results do not 
appear may therefore be necessary. Complete combustion of the 
fuel and the proper utilisation of the heat produced, are necessary 
to obtain economy in a boiler. Hitherto the first condition has 
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been wanting in water-tube boilers, and, as a necessary consequence, 
the second; the aim of this paper has been to show means by 
which this complete combustion may be obtained. If these means 
are successful, and carry with them no disadvantages, then it may be 
inferred that the boiler will give economical results. It may at 
once be said emphatically that the means have proved entirely 
successful, and that the economy due to complete combustion has 
been obtained. 

From the remarks made in a previous portion of the paper, 
however, it will be gathered that the trials carried out have not 
been on the ordinary basis which makes possible comparison with 
published results of boilers worked under special conditions. To 
fully describe the trials, and present the results in such a manner 
as not to be misleading^ would demand a paper of greater length 
than this, and to simply publish a table of results without explana- 
tion, while it would show the economy obtained, would not by 
itself show the measure of that economy. It has been deemed 
preferable, instead of taking a result obtained under the most 
favourable conditions and exhibiting it as a standard performance, 
rather, from principles understood and already in operation, to 
indicate the lines upon which these principles must be applied to a 
fresh set of conditions, leaving to the consideration of engineers 
generally whether any points have been advanced in so doing 
which their experience and judgment do not fully and completely 
sanction and support. 



CorrespoTidence. 

Mr F. J. KowAN (Member) — Where combustion in water-tube 
boilers was carried on by means of an ordinary grate, with or 
without forced draught, there could be little doubt that Mr Weir's 
arrangement of a secondary combustion chamber, or space for 
allowing the gases which were given off from the solid fuel 
on the grate (i.«., the primary combustion chamber) to be mixed 
with air and ignited, was on correct lines. But there was a question 
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of prior importance to that of the necessity for a secondary 
combustion chamber ; namely, — Was the primary combustion 
chamber, formed by means of the ordinary grate, the best arrange- 
ment for conducting the combustion required by boilers ? It 
was not by any means certain that the answer to that question was 
an aifirmative one, and if the grate inside the boiler were abolished, 
Mr Weir's arrangement of a secondary chamber would be imperilled. 
Mr. Yarrow, in an excellent paper on boiler construction for forced 
draught, read before the Institution of Naval Architects some years 
ago, stated that the fire-doors in a large forced draught boiler were 
frequently opened, say once in every minute, which in twenty-four 
hours corresponded to 1440 times, and called attention to the 
varying expansions and contractions produced by these oft-repeated 
operations, and the severe molecular strains produced in the boiler 
thereby. And, as the same cause also operated in seriously reducing 
the thermic effect obtained from the fuel, and in diminishing 
the efficiency of the heating surface of the boiler, it was j»erfectly 
clear that a better system of combustion apparatus was much wanted. 
So that when Mr Weir stated as a first condition necessary to a 
good boiler, that good combustion must be obtained, he left out of 
sight the important question : — In what form of grate, furnace, or 
combustion apparatus was it to be obtained ? There was nothing 
necessarily final about an inside grate ; on the contrary it had many 
serious drawbacks, and was on the whole a crude and imperfect 
contrivance. Mr Weir's arrangement was clearly only submitted as 
a solution of the problem of combustion in water-tube boilers with 
ordinary grates, and as he spoke from the experience of every-day 
working, it was on that account somewhat beyond criticism from 
that point of view. 

Discassion. 
In the after discussion, 

Mr G. Gretchin (Member) remarked that Mr Weir had been too 

modest to point out numerous advantages which his boiler possessed, 

in addition to those mentioned in the paper. The disposition of 
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the tubes was an excellent feature of the boiler, and so, too, was the 
simplicity of construction. The ease in feeding without complicated 
regulating apparatus, and the simplicity and certainty of the firing 
arrangements were noteworthy characteristics. In one point — the 
way in which the brick work had stood — the boiler had been a 
surprise to him. But the ingenious method Mr Weir had devised 
of arranging the brick walls of his combustion chamber so that they 
could not, and did not, become over-heated, was a most important 
detail. Another matter which appealed very strongly to anyone 
familiar with the countries where the means of burning liquid fuel 
were eagerly sought after, was the suitability of the boiler for that 
purpose, and also for burning bituminous coal, such as they had in 
the East. He regarded the considerable height of the boiler, its 
somewhat clumsy shape, and the largeness of its elements as 
disadvantages, while the great capacity of the steam drum 
would, in case of accident, mean a great decrease in power of the 
engine. 

Mr J. MOLLISON (Member) stated that he had had an oppor- 
tunity of examining the water-tube boiler referred to, while it was 
being fitted in position, and subsequently, when it had been worked 
for some months j he witnessed a number of tests and experiments to 
show how the spaces for the passages and mixing of the air and gases, 
on leaving the furnaces, should be proportioned and adjusted in order 
to maintain, under all ordinary conditions of stoking, the most 
effective and complete combustion, whatever the quality of the coal. 
From what he had observed there could be no doubt that Mr Weir 
had succeeded, in a large degree, in accomplishing that end, and had 
thereby reduced the smoke at the chimney-head to a minimum. 
That resulted not only in a large saving of power but did away, in 
a great measure, with the smoke nuisance by which they were all 
so much affected in such manufacturing centres as Sheffield and 
Glasgow. The question of combustion and the consumption of 
smoke had engaged the attention of engineers for many years, and 
if Mr Weir's paper became the means of a renewed consideration of 
the subject, on the lines indicated, not only in the case of water-tube 
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boilers, bat with other boilers, great benefit would result. Naval 
authorities would not be altogether dependent on obtaining a smoke- 
less coal as at present. Greater economy would prevail in the 
Mercantile Marine, and on shore they would be able to breathe a 
purer and more health-giving atmosphere. Mr Weir certainly 
deserved the thanks of the Institution for the able way in which he 
had treated this question, not merely from a theoretical or specula- 
tive point of view, but from long, anxious, and costly experiments 
and trials. 

Professor W. Ripper said Mr Weir claimed to be carrying out in 
his new boiler the same arrangement as obtained in the ordinary 
marine boiler, in that he provided a narrow throat bridge, which 
helped to mix the gases better in the combustion chamber ; and no 
doubt the boiler did fulfil what was claimed for it in that respect. 
If an ordinary marine boiler had a brickwork lining over the furnace 
top leading to the bridge, and if the combustion chamber behind the 
bridge were bricked also, such a boiler would correspond in principle 
to Mr Weir's arrangement. Here there was a large amount of 
brickwork over the bars, pretty well covering the tubes exposed to 
the fire. As Mr Weir would know, brickwork furnaces were not 
new ; they had often been suggested for the purpose of preventing 
smoke. With Lancashire boilers it had been suggested that there 
should be combustion in the fiist instance in the brickwork fireplace, 
and that the gases should then pass through the boiler, the object 
being to get a very much more intense combustion and burn the fuel 
more perfectly. But there was a well-known objection; viz., that 
the object of generating heat in a furnace was to get it to the water, 
and the most valuable means of getting it to the water was to 
present the surface of the liquid to radiated heat. In a furnace 
covered with brickwork, the heat had to be transmitted to the water 
by convection rather than by radiation, and there was a great loss 
thereby in the rate of transmission. It was estimated, with rough 
accuracy, that perhaps one-half the heat entering the boiler was 
radiated heat ; the other half was convected heat. If the heating 
surface was sufficiently extended there was no reason why the whole 
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heat should not be taken up, but with brickwork hiding the most 
important part of the heating surface the rate of transmission at that 
particular part was very much reduced. Then in the combustion 
chamber there was a great deal of brickwork covering what one would 
have supposed was an important heating surface; and although brick- 
work would induce high temperature and complete combustion of the 
gases, yet, of course, that brickwork hid much of the heating surface, 
and the taking-up of heat would depend entirely upon exten- 
sion of heating surface. The objection to Mr Weir's boiler on this 
ground would, he should think, be more serious still if the draught 
was forced. With forced draught and a large volume of air passing 
through the fiues the time for heat transmission from the gases to 
the water was less, and the result must be a loss of efficiency, owing 
to the lack of the means taken in ordinary boilers to transmit heat 
to the water by radiation. He was not one who believed that very 
large results in increased efficiency would be obtained by the pre- 
vention of smoke. If they prevented smoke they did not necessarily 
increase the efficiency ; and there were no end of cases to prove the 
contrary. It was well known that the amount of unburnt gases in 
smoke was proportionately small. In order to prevent smoke, air 
devices were introduced, which saved perhaps 2 or 3 per cent, of 
heat by burning the last vestiges of the fuel, but they as often as 
not introduced a loss of 5 or 10 per cent, through bringing in exces- 
sive air. These were little criticisms which occurred to him on the 
spur of the moment, but he had no doubt that Mr Weir would be 
able to make his new boiler as successful as the many other things 
he had put his hands to. 

Mr C E. Stromeyer (Member) considered there was nothing in 
the speed of the gases, but if the grate were surrounded with a non- 
heating surface the flames would not be cooled at once as was 
usual in most boilers. Surrounded by a warm envelope, they 
would be kept hot and allow the combustion to be completed, 
and not till then would the gases come in contact with the real 
heating surface. The combustion being complete, no smoke would 
be produced. It was with that object in view that boilers with 
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brick combustion chambers were frequently designed, and although 
they had troubles of their own the combustion appeared to be 
fairly perfect. Only recently the Manchester Steam Users' Associar 
tion carried out evaporative tests on such a boiler, and the results 
showed that there could be no doubt about its economy and 
smokelessness. 

Professor Barr (Member) agreed with Mr Stromeyer in regard 
to the advantage of having a fire brick chamber. He thought 
that Mr Weir should have put that fonvard as one of the most 
important features — if not, indeed, the most important feature— of 
his design. A mass of incandescent brickwork in the immediate 
vicinity of the fire — more especially directly over the fire — was of very 
great advantage from the point of view of obtaining complete and 
smokeless combustion. He would venture to disagree with Professor 
Ripper in regard to the requirement of time for the gases to give up 
their heat. If a particle of gas struck the tube at all, it would give 
up its heat instantaneously, and, in order to get the maximum 
proportion of the particles to strike the tubes, it was best to cause 
the gases to move as rapidly as possible over the heating surface. 
Mr Weir's design seemed to him excellent in this respect, inasmuch 
as he had departed from the more usual custom of leading the gases 
transversely across the tubes, carrying them longitudinally through 
among them instead, thus breaking the current up into a number of 
small streams. By this means a large heating surface was exposed 
to the gases, while the total cross-sectional area of the current might 
be comparatively small, and the velocity, therefore, comparatively 
great for a given rate of combustion. 

Mr Georgb Halliday (Associate) said there could be no doubt 
that Mr Weir had laid his finger on a difficulty in the water-tube 
boiler question, when he pointed out that there was no combustion 
chamber in which the hot gases could be mixed and consumed. 
The marvel was not that they had sometimes a considerable waste 
in fuel, but that with such poor arrangements for mixing the gases 
they had such good results. 

The discussion on this paper was resumed on 25th October, 1898. 
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Mr John Thom (Member) remarked that he could corroborate a 
great many of the assertions that Mr Weir had made, but with some 
of them he did not agree. Mr Weir said, "The purpose for this paper 
is practically an application of that experience to new and hitherto 
unfamiliar conditions." He (Mr Thom) had had water-tube boilers 
working under those very conditions for several years. In fact, the 
description, given on page 14, of what a good boiler should be, 
would apply to the water- tube boiler with secondary combustion 
chamber, shown in Figs. 6 and 7, even more appropriately than 
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Fig. 7, Thom boiler. 






Mr Weir's boiler, because the combustion chamber was arranged 
exactly as in a Scotch return-tube marine boiler. On page 17, Mr 
Weir said, " We are therefore led to ask, can we not, by adopting 
similar means in a water-tube boiler, bring about a similar efficiency 
to that obtained in those economical types of boilers V He was glad 
that Mr Weir had brought that before them, and he believed that 
Mr Weir was quite right. On page 18, Mr Weir explained how 
the amount of air could be arranged and its effect in the combustion 
seen by the stoker. His (Mr Thom's) boilers were arranged in 
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exactly the same manner, and they could be seen working under 
those conditions at Messrs Muir & Houston's. Professor Ripper was 
not one of those who believed that very large results and increased 
efficiency would be obtained by the prevention of smoke, and he 
entirely agreed with him. In the absence of good draught, if extra 
air had to be admitted to consume the smoke, the efficiency, if 
anything, was a little less under some conditions. The best 
arrangement was when the draught was just suitable to consume 
the coal without smoke. Professor Barr mentioned the advantage 
of having a fire-brick chamber, and considered that Mr Weir should 
have put that forward as one of the most important features. Mr 
•Weir, with his experience, wanted to miss that out and not bring 
it forward, for the reason that fire-brick chambers were not looked 
on with favour, especially by marine engineers, as the bricks took so 
lonu to cool down that it would be difficult to enter the chamber 
until some time after the fires had been drawn. He had got better 
results out of a water-tube boiler with a combustion chamber, than 
with a marine type of boiler which it replaced, both in respect to 
economy and smoke. 

Professor W. H. Watkinson (Member) said that he had the 
privilege of seeing this boiler in action last spring, and was very 
much impressed by the perfection of combustion which appeared to 
be obtained. The smoke given off was exceedingly slight, indeed, it 
was very difficult to recognise any smoke at all. When looking into 
the combustion chamber, it was evident that the mixing of the gases 
was very complete, and that the combustion resulting was exceedingly 
good. He would like to ask Mr Weir whether any difficulty had 
been experienced due to the exposure of portions of the lower drums 
to the radiant heat from the fire. As those parts were exposed to a 
very high temperature, and as the circulation within them would be 
slight and undirected, he thought it probable that, if any dirt got 
into the boiler it would soon be deposited on the parts referred to. 
In other boilers it had been found necessary to introduce fire-bricks 
to protect the drums from the radiant heat of the fire. In the 
illustration given of Mr Weir's boiler, the tiles, E, E, seemed to cover 
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up some of what might be the very best heating surface, and he was- 
inclined to think that that was a mistake. Another drawback which 
he anticipated from the arrangement shown, was that ashes would 
accumulate on the upper side of those tiles, and he believed that the 
spaces between the tubes directly above the tiles would soon be filled 
up with ashes. Perhaps Mr Weir would be able to tell them 
whether that was so or not, but judging from cases that he had had 
to deal with, where similar arrangements were made, that had been 
the diflSculty. He would be inclined to put the tiles above the tubes 
instead of below them 

Mr Matthew Paul (Member) observed that the feature of Mr 
Weir's boiler was the addition of the combustion chamber, by which 
he expected to secure a very much improved performance. If it 
were of interest to the Institution he would like to give an instance, 
that occurred in his own experience, of the advantage of introducing 
a combustion chamber into an ordinary locomoti\'e boiler, and 
though it was not a water-tube boiler, still the principle would be 
the same in the two types. With the grate in the usual place, if air 
were admitted into the top of the smoke-box, he was able to re-ignite 
the gases after they had come through the tubes, and fill the flue 
\i'ith flaming gases. That was manifestly an enormous waste, and if 
it were possible to use the gases inside the boiler, a considerable gain 
ought to accrue. He made an arrangement by which a brick 
furnace was added to the front of the boiler, shifted the grate into 
it, arranged the air admissions under the bridge, and used the old 
fire-box as the combustion chamber, with the result that complete 
combustion was secured in the fire-box ; the gases could no longer 
be re-ignited in the smoke-box ; and the evaporative efficiency was 
increased by about 15 per cent. That was the most striking 
instance that had come under his notice, of the advantage of 
providing a combustion chamber such as Mr Weir had in his M-ater- 
tube boiler. 

Mr Sinclair Couper (Member) said in the last sentence of his 
paper Mr Weir's stated that he left it to the consideration of 
engineers generally, to say whether any points had been advanced in 
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his paper which their experience and judgment did not fully and 
completely sanction and support. The paper had been before them 
since June, and they had had, therefore, ample time to examine it. 
He did not think there were any points which Mr Weir had brought 
forward that did not agree with the experience of most engineers. 
Mr Weir scarcely laid sufficient stress on the quantity of air which 
should be introduced into the furnace of a steam boiler. He believed 
that so very much depended on the quantity of air admitted, as well 
as on the place or places where it was admitted, that the whole 
question of combustion should be studied, not only for each boiler 
but for every kind of fuel that was burned in it. Although 
provision might be made for admitting the air at the back of the 
bridge — in his own practice he always provided a hole and regu- 
lating door for that purpose— yet very often in the course of 
working, these arrangements were rendered useless by being blocked 
up with ashes, and the air had to find its way up between the 
bars, with the result that the combustion was imperfect, so that 
no matter how well designed a boiler might be, it was spoiled in 
the working. lu the sketches which Mr Weir showed of the marine 
boiler with the fire bridge at different places, he assumed that with 
the bridge placed as in Fig. 3, the consumption of coal might be 2 lbs. 
per I.H.P. per hour, while in Fig. 4, where the length of grate was 
further reduced, the consumption would be still less, and in Fig. 5 
where the grate was shortened by pulling the bridge forward Mr 
Weir then assumed that the consumption would be reduced to 1 '4 
lbs. of coal per I.H.P. per hour. He thought that Mr Weir scarceh^ 
gave sufficient credit to the shortening of the grate. From the tone 
of his remarks, in that connection, it might be inferred that he was 
suggesting that the whole of the improvement was due to altering 
the bridge, and thereby increasing the size of the combustion 
chamber, but manifestly most of it was due to the shorteninty of the 
grate, which permitted better stoking and more complete combustion. 
Most boilers were fitted with grates far too large in proportion to 
their heating surface. He had found in many cases, by reducing the 
length of grate and thereby burning less fuel, that the evaporative 
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duty of the boiler was maintained at its original figure. The grate 
area was another factor which should be determined for each boiler, 
in view of the particular fuel which was to be used. When he 
first saw the title of the paper, he thought that it was to be a 
consideration, in the abstract, of combustion in water-tube boilers, 
but he was pleased to see that Mr Weir introduced a boiler of his 
own, and although he did not suggest that Mr Weir should give 
them all the details, he considered that it would have added very 
much to the value of the paper, as a contribution to steam engineer- 
ing, if he had given some of the actual working results. They 
knew how Mr Weir worked, that he worked exactly and accurately, 
and if a careful series of progressive trials had been made with the 
boiler and submitted, account being taken of every factor which 
went to make the trials complete, they would then have been in a 
position to compare the Weir boiler with authentic trials of other 
water-tube boilers. He hoped that Mr Weir would yet give such 
results to the public, as it would very much increase the value of 
his contribution. 

Mr G. W. Thodb (Member) thought that Mr Weir could scarcely 
have selected a more interesting subject than the one under 
discussion, but he could not agree exactly with all that Mr Weir 
had said. In the first place, Mr Weir assumed that all water- 
tube boilers had onlv one combustion chamber, and that in con- 
sequence they were naturally inefficient. In the second place, he 
informed them that his boiler having two combustion chambers was 
perfect in that respect, and by inference, Le,^ without giving any test 
results, he also informed them that it worked as economically aa 
it was possible for any boiler to work, because of the arrangement 
of the combustion chambers, and the fact that by observations, 
through spy holes the combustion in those chambers could be 
seen to be perfect. He (Mr Thode) did not think the fact 
of the combustion chamber being filled with fiame was sufficient 
proof that the boiler was working as economically as it possibly 
could, nor did he consider it was proved that smokeless combustion 
of necessity meant an economical periormance of the boiler; he 

3 
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thought rather the contrary would be the general rule. He did not 
intend to speak about any special boiler, but would confine himself 
to the subject under consideration ; viz., combustion ; and as by way 
of example he was compelled to pick out some boiler, he would 
select for the purpose the Babcock & Wilcox land type. Incidentally, 
with reference to Mr Paul's remarks, he would mention that whilst 
the addition of a brick chamber in front of the locomotive boiler had 
effected an improvement in combustion and economical working, he 
believed that the boiler would have worked more economically still 
if it had been internally fired^ and the combustion chamber made 




Fig. 8. 
sufficiently large. The boiler illustrated by Fig. 8 had two combus- 
tion chambers, one immediately over the grate, and the second one 
in the triangular spa<5e between the tubes and the drum. The 
efficiency of that boiler would be anything from 70 to 80 per cent, 
and no furnace, however carefully designed, could possibly improve 
upon that efficiency. Further, if two of those boilers, absolutely 
identical and set alike, were sent out, it might be found that one 
would give the utmost satisfaction, especially with regard to smoke- 
lessncss, whereas the other would give dissatisfaction. That might 
be brought about through diflference in draught or in fuel, or both. 
When the fuel was slightly more bituminous, and this was known 
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beforehand, the boiler might be provided with a deeper combustion 
chamber as in Fig. 9. That would assist the combustion and reduce 
the smoke, but it would also reduce the efficiency, due to the radiated 
heat not being so readily absorbed. To make up for that loss, a 
series of tubes might be inserted, passing through the middle of the 
combustion chamber, as shown in Fig. 10. If tiles were placed on 
the top of the tubes, as indicated, it would be seen at once that two 
very effective combustion chambers were provided, in addition to 
the triangular chamber previously referred to. However, it would 
happen that this furnace, under certain conditions, would be smoke- 
less and satisfactory, whereas, under other conditions, it might not 




Fig. 9. 

be ; and, again, it might be advantageous to increase the size of the 
combustion chamber, which could be done, and had been done, as 
shown in Fig. 11. That arrangement showed two very large 
combustion chambers, and there was no doubt whatever that the 
results derived from such a furnace, with a certain kind of coal, would 
be more satisfactory than without it. One most important feature in 
Mr Weir's design, and upon which Mr Weir had scarcely laid sufficient 
stress, was the arrangement of the baffles over the fire, by means of 
which the gases were all thrown together in the centre, thereby greatly 
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assisting in their mixing" and consequently in their combustion. The 
same object would be attained in the furnace, Fig. 1 1, if the bridge were 
re-arranged as shown in plan on Fig. 12. That had precisely the same 
effect, and, if the boilers were fired on alternate sides, the gases from 
the clear fire and from the green fire would be brought together 
and consumed to a very considerable extent. While all these 
arrangements under certain conditions of firing, fuel, draught, 
etc., would give satisfactory results, there was still a very large 
amount of coal in existence, particularly Scotch coal, which defied 




Fig. 10. 

all attempts at smokeless firing on a hand-fired grate ; and he 
believed that for such coal the only method of burning it smokelessly 
was to resort to mechanical firing. The reason why so many 
boilers smoked was that, frequently the exact conditions under 
which the boilers had to work were unknown beforehand, or, if 
they were known, they were changed after the boilers had been 
installed, and it was then not an easy matter to change the boilers, 
or to alter the coal, draught, and other conditions. As a result of 
these investigations, he would say that undoubtedly Mr Weir had 
produced a boiler and a style of furnace which in his own works 
gave every satisfaction, and worked smokelessly, but he thought he 
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was justified in saying that if this same boiler was sold to a 
customer, re-erected elsewhere, and worked under altered conditions, 
the same results would not be obtained. The inference was that 
boilers and boiler furnaces were of so complicated a nature that it 
was necessary, in order to obtain the best results, to deal with them 




Fig. 11. 




Fig. 12. 
in each individual case according to the existing conditions. 

Mr Jaaies Weir (Member), in reply, thanked the gentlemen who 
had spoken on the paper, and said he would not deal with their 
remarks individually, but would endeavour to group their points, 
and answer them generally. His contribution was intended not as 
a paper on the Weir boiler, but on combustion and the means of 
bringing it about, with special application to water-tube boilers. 
On that account, and possibly because his explanation of the method 



38 COMBUSTION IN WATER-TUBE BOILERS 

Mr James Weir. 

of fonning the walls of the combustion chamber had not been very 
clearly shown, several of the speakers had gone slightly astray in 
speaking of the influence of the brickwork on combustion. In the 
combustion chamber of the Weir boiler, the bricks were formed to 
fill up the spaces between the tubes, so that the wall consisted of 
tube and brick alternately — not a solid wall of brick laid upon the 
tubes. The material of which the walls of furnaces, combustion 
chambers, or bridges were composed, had practically no influence on 
the results. He was aware that many defects in the construction 
of furnaces, bridges, and combustion chambers had been improved 
by the employment of bricks, but if any other material which would 
stand the heat had been used in a like manner, the results would 
have been practically the same. On the question of the influence 
which smoke prevention, by 'burning the gases, had on the eflSciency 
of the boiler, he would say that preventing smoke, by obtaining 
complete combustion of the gases, could only have one result — all 
the heat available in the fuel was obtained by doing so. It did not 
follow, however, that they would be able to utilise all that heat in 
making steam. In many boilers the provision made to accomplish 
the combustion of the gases was so defective that it was more 
economical to let them pass off by the chimney as smoke ; but it 
did not follow on this account that burning the gases was a source 
of waste; otherwise to waste a large proportion of their coal 
meant a saving in fuel. The correct deduction to be drawn was that 
the means employed to burn the smoke was bad. A question was 
raised regarding the deposit internally and externally. Internal 
deposit would take place if dirt or solid matter found its way into 
the boiler. The position in which it wpuld be deposited depended 
on the course of the circulation in any particular boiler. His 
advice on that point would be, feed the boiler with good water 
and as little dirt as possible, and design it so that the circulation 
of the water would carry the dirt into some quiet place, as far 
removed from the heat as possible. Eegarding any external deposit 
which took place on the surface exposed to the action of the 
gases from the fire, that was a proof of imperfect combustion. 
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From former experience of water-tube boilers, he had anticipated 
some deposit on the tubes of his new boiler, and arranged them in 
such a manner as permitted of their being scraped. The boiler 
had now been running eleven months, and the tubes were still 
free from any scale, and they had not even been touched with a 
brush for ten months. He would mention also that the deposit 
which was found in the combustion chamber had the appearance 
of fine sand, yellowish in colour, and so clean that it could be 
rubbed on white paper without leaving any mark, which showed 
that there was no carbon whatever remaining. Concerning the 
results obtained during experimental tests with steam boilers, the 
skill of the fireman and quality of the coal were often of more 
importance than the design. In measuring and recording the 
results of boiler trials, the human factor was too often neglected, 
and good combustion could be obtained in almost any boiler furnace, 
provided men sufficiently skilful were employed to obtain it. It 
was not the balls that did the juggling, but the man who threw 
them up. It was this fact which generally made the comparison 
of results between one boiler and another of little value, and he 
considered that the steam boiler which gave the best results in 
everyday work was one that required least skill on the part of the 
stoker. In referring to a combustion chamber, some of the speakers 
seemed to consider that a simple space, irrespective of its position 
and arrangement in the boiler, constituted a combustion chamber^ 
but that was far from the case. It was scarcely necessary to say 
that a combustion chamber could be made good or bad, right or 
wrong, like everything else. An example of a good combustion 
chamber had been given by Mr Paul, when he added a furnace to a 
locomotive boiler and utilised the original fire-box as a combustion 
chamber in which to mix the gases. The natural result of diminu- 
tion of smoke followed, absence of heating in the uptake, and a 
very decided saving in fuel. An example of a bad combustion 
chamber had been given by Mr Thom, where a space behind the 
bridge opening was intended to act as a combustion chamber, 
whereas, it was simply a flue to carry the gases to the tubes. He 
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was not in the least surprised that Mr Thorn agreed with anyone 
that smoke burning was a source of waste, if his opinion was based 
on his experience of boilers having combustion chambers arranged 
like that described by him and shown on the drawing. Mr 
Thode's remarks were specially interesting and instructive to him, 
because, since he really understood anything about combustion 
chambers in steam boilers, the type of boiler represented by the 
Babcock & Wilcox design was that into which he found it most 
difficult to introduce an efficient combustion chamber. There was 
no difficulty in getting in this boiler wide roomy spaces above, 
below, and between the tubes, but to convert any of these spaces 
into an efficient combustion chamber was a very difficult problem to 
solve. Mr Thode's experience in trying to solve it had been 
extremely interesting to him, as it was practically what he had 
anticipated. 

On the motion of the President, Mr Weir was awarded a vote of 
thanks for his paper. 
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Since the days of Joseph Fourier, the transmission of heat through 
plates has been greatly considered by men of science; yet the 
discussion at this Institution, this session, on the paper read by 
Mr F. J. Rowan,* fully demonstrates that the great body of 
engineers throughout the country have not yet made up their minds 
on the question. Joseph Fourier furnished us with a theory** for 
the transmission of heat through the mere plate ; Lord Kelvin has 
informed us what likely takes place in the gases on the one side 
and the water on the other t; Rankine also has supplied us with 
formulae. J From the discussion on Mr Rowan's paper, one gathers 
that there is no formula on which anyone depends. Professor 
Perry, in his Calculus for engineers, 1897, p. 65, assumes that the 
rate at which heat is transmitted through a plate is as the square 
of the difference of temperature, and gives a mathematical solution 
to the problem, and, when he has finished, he says he doubts if his 
assumption is true, and gives another solution on the assumption 
that the rate of transmission is simply as the difference of tempera- 
ture. Perhaps the most helpful contributions on the question, 

* Trans. Inst, of Engiueers and Sbipbailders in Scotland, Vol. XLI. 
**Fourier, **Theorie Analytiquo de la Chaleur," 1822. 
+ "Heat," by Lord Kelvin, "Encyclopaedia Brittanica," ninth edition. 
}Kankin, *'The Steam Eogine," p. 258, thirteenth edition. 
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to practical engineers, have been the experiments made by Dr 
A. C. Kirk, Sir A. J Durston, and the late Mr Blechynden. The 
object of this paper, therefore, will be to lay before the Institution 
the leading known facts on the question. 

The gases in the furnace. — Coal, when ignited on the grate of a 
boiler, combines with the oxygen of the air supplied to produce 
two oxides, carbonic oxide and carbonic acid. When these two 
compounds are formed, heat is liberated, which goes to make the 
quantity of heat and increase the temperature of the gases in 
the furnace-flues. The heat which is liberated is not the same in 
quantity for the two compounds. The heat liberated when one 
compound of carbon combines with oxygen to form the lower oxide 
is 4400 units, while 14,500 units are liberated when the resulting 
compound is carbonic acid. Should the carbonic oxide reach the 
chimney without being further oxidised, there is simply so much of 
the total available heat thrown away. There is, therefore, a distinct 
loss when carbonic oxide is found in the chimney. 

The hydrocarbons, which are distilled off and escape because of 
insufficient air being supplied, are sometimes carried away to the 
smoke-box without being consumed. As these are made up of 
hydrogen and carbon, they become, when oxidised, water and 
carbonic oxide or carbonic acid. A pound of the hydrogen, when 
oxidised, liberates 62,032 units of heat. And here again we have 
great loss when any of the hydrocarbons are carried away to the 
chimney before they are consumed. 

It comes, then, to this, that the coal contains free carbon and 
hydrocarbons, and the total heat in the coal is only obtained from 
it when it is completely consumed, that is when all the carbon and 
hydrogen in the coal is fully saturated with oxygen. The total 
heat is obtained from the coal when there is plenty of air supplied 
to the furnace, and when that furnace is kept at a sufliciently 
high temperature for the proper ignition of the carbon and hydro- 
gen. 

Dr Percy estimates the temperatures resulting from the com- 
bustion of carbon and hydrogen to oxides as follows : — 
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Charcoal to carbonic acid 18, 306 -0° Fab. 

oxide 12,726-0° „ 

Hydrogen to water 12,260*7° „ 

Tbese are the temperatures when pure oxygen is used for the 
combustion. The late Mr D. K. Clark* estimated the carbon when 
air is used as follows : — 

1. When just enough air is present ... ... 6,027° Fab. 

2. When the air is diluted with air equal in 

quantity to air of combustion ... ... 3,527° „ 

3. If diluted with air equal in quantity to air of 

combustion ... ... ... ... 2,688 „ 

These are simply calculations made without consideration of the 
lowering of the temperature due to radiation and conduction. Dr 
Percy concludes in his "Metallurgy" what he has to say on 
resulting temperature with the following important statement: — 
" The longer the time required for the combustion of any fuel, the 
greater the loss of heat by radiation and conduction, and, conse- 
quently, the less the calorific intensity." Even when the combustion 
is rapid and everything is done to raise the temperature, another 
principle of action comes in to neutralise it. For, at higher 
temperatures, carbonic acid will be dissociated into carbon and 
oxygen, and steam into hydrogen and oxygen. Hydrogen will not 
combine at a temperature higher than 3,460** Fah., nor carbon at 
higher than 4,890** Fah. These are the limiting temperatures, but 
long before that, dissociation has been going on, and there is not the 
full quantity of heat present at any time which theory would lead 
one to expect. In fact, dissociation is going on all the time at a 
point lower than that of the critical temperature. The quantity of 
air of dilution supplied to the furnace also affects the temperature ; 
the more air supplied, the greater the quantity of heat wasted in 
raising it to the temperature of the furnace, and the lower will that 
temperature be. It is more accurate to take the records of the 

♦ " The Steam Engine," D. K. Clark, p. 54. 
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temperature as given hy the pyrometer. Mr Isherwood found that 
the temperature of the surface of the fire was 2,000® Fah., Mr 
W. A. Martin that the temperature of the furnace of the boilers 
of the Boadicea was 2,000"^ Fah., and Mr John Elder obtained the 
following results : — 

Over the centre of the fire 3,405° Fah. 

Over the bridge ... ... ... ... 1,735° „ 

Mr Elder attributed the high temperature of the fire surface to 
radiation, and the low temperature over the bridge to the absence of 
radiant heat. Mr Clark says that, with externally-built brickwork 
furnaces, the temperature may rise to 3,000° Fah., but inside furnaces 
seldom have a temperature rising above 2,000**. The temperature 
of the furnace is not by any means a fixed point. It does not depend 
on the heat of combustion, but on a great many other things — on 
new charges of coal and the opening of the door to admit them. 
Figure 1 gives a graphic representation of the variation of tempera- 
ture, both in the furnace and in the chimney, for a period of seven 
hours. It comes, then, to this, that when calculations are made for 
the transmission of heat through plates, for a constant temperature 
of furnace and chimney, it must be understood that no such thing 
exists in practice, as the temperature may change in the furnace 
200® Fah. in less than a quarter of an hour, and the chimney 
temperature may vary within 100° in about the same time. A 
statement of temperatures, means temperatures at a particular 
instant. 

It appears that complete combustion cannot be gained by 
supplying the furnace with air suflScient for providing the requisite 
quantity of oxygen. There must be excess of air. Not too much, 
however, for then a large quantity of the heat goes to heat up the 
extra air and is thrown away in the chimne\'. On this point much 
can be learned from the tabulated results of trials of boilers made 
by Mr Bryan Donkin and Professor Kennedy.* An analysis of 
the chimney gases was in each case taken, and the percentage of 
carbonic acid, carbonic oxide, oxygen, and nitrogen ascertained. If 
* ** Trials of Boilers," by Mr Bryan Donkin and Prof. Kennedy. 
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only sufficient oxygen is, supplied to burn the carbon, 1 1 lbs. of air 
will be necessary. The following table gives the weight of dry air 
used, and the percentage by weight of carbonic oxide found by 
analysis : — 



No of Expt. 
1 




Poonds of Dry 
Air, 

16-7 


Percentage 
Weight of 
CO. present. 

102 


2 




16-8 


•34 


• 3 




16-9 


2-59 


4 




17-5 


•24 


5 




19-4 


•21 


6 




21-2 


•28 


7 




22-0 


•00 


8 




25-2 


•00 


9 




28-0 


•00 


10 




28-6 


•00 


11 




29-6 


•10 


12 




30-3 


•28 


13 




30-0 


•00 


14 




38-6 


•00 


15 




42-2 


•00 


as much 


as 220 


lbs. of dry air per 1 


b. of coal has been 



allowed, there is not, with two exceptions, any carbonic oxide found 
in the chimney gases. Those two exceptions are Nos. 11 and 12, 
and are the results of trials of a De Naeyer boiler, where the tubes 
are close down on the fire, and there is no combustion chamber. 
One might naturally attribute the result to want of proper mixing 
of the gases above the fire, and chilling too soon after leaving the 
grate. No. 3 is a bad result ; the boiler was of the vertical type, 
and the result was not expected to be good. The variation in the 
quantity of carbonic oxide found present is probably due to differ- 
ence of draught. It is clear, though, that with ordinary conditions, 
twenty-two pounds of dry air supplied gives complete combustion. 
Anything above that quantity requires heat to raise it in 
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temperature, and is so much heat wasted. With good stoking, 
each boiler will require, under ordinary conditions, so much air per 
lb. of coal burnt. This quantity should be proved by trial, and the 
draught of the boiler regulated accordingly. Suppose the tempera- 
ture of the air in the boiler-house is 50° Fah., the temperature of 
the chimney gases and the amount of air used is 550°, the increase 
of temperature of the surplus air will be 500°. Now, 4*2 lbs. of air 
raised 468" Fah. require the same quantity of heat as 1 lb. of water 
raised 936°, that is the same as J lb. of water from and at 212°. It 
comes, then, to this, that for every 4*2 lbs. of surplus air raised 
468°, ^ lb. of evaporation is lost. Now, 1 1 lbs. of air too much is 

11 
supplied to obtain complete combustion, and -^ =2.6 half-pounds, 

or 1 '3 lbs., of evaporation thrown away when half of the air supplied 
is surplus air discharged into the chimney at a temperature of 468° 
above the temperature of the boiler-room. The increased tempera- 
tures of the furnace gases above that of the outside air in six cases 
were as follows : — 



No. 2 


685-0° Fah. 


No. 5 


566-0" Fah. 


„ 3 


334-5° „ 


„ 6 


406-6° „ 


„ 4 


561-0° „ 


„ 7 . 


521-5° „ 



So that under ordinary draught, and without a feed-water heater, the 
heat rejected in the chimney, due to excess of air, is seldom much 
under 1 -3 lbs. of evaporation per lb. of fuel. If there is not excess of 
air present, then there is loss due to incomplete combustion. In No. 1 
experiment, only 16-7 lbs. of dry air was supplied to each pound of 
dry coal, with the result that 1*02 per cent, of the gases in the 
chimney was carbonic oxide. By computation this 1*02 per cent, 
shows that y^th of the carbon went to form carbonic oxide. For 
each pound of carbon used, ^^th formed carbonic oxide. Now, when 
one pound of carbon forms carbonic oxide, there is a loss of heat 
due to incomplete combustion of 10,100 units, and yV^^ ^^s. forming 

carbonic oxide will be followed by a loss of — j- — =918 units, 
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or, roughly, y^jth of the carbon going to form carbonic oxide is 
equivalent to a loss of 1 lb. of evaporation from and at 212° Fah. 

We see, then, that with a supply of 22 lbs. of air we have a loss 
of 1'3 lbs. of evaporation due simply to excess of air. No 1 shows 
a loss of 1 lb. of evaporation due to insufficient air — 5*3 lbs. less 
than double the necessary quantity. This appears to be rather high. 
No. 2 shows that with 5*2 lbs. of air below the point of saturation, 
only -34 per cent, of the chimney gases was carbonic oxide. No. 4, 
with 17*5 lbs. of air, gave '24 per cent, of carbonic oxide; No. 5, 
with l?-4 lbs. of air, '21 per cent. ; and No. 6, with 21*2 lbs. of air, 
•28 per cent. These trials were not experiments to obtain the best 
point of supply of air, and no rule must be drawn from them. 

Messrs D6lab6che, Playfair, and Longridge, obtained results by 
taking the colour of the smoke as a criterion for complete combus- 
tion. These, and a result obtained by Mr D. K. Clark, are given 
below : — 

Coal coDSnmed 

per sq. ft. of Surplus air. 

grale per hour. 

Cornish boilers 2 lbs. to 4 lbs. 1 00" % 

D6lab6che and Playfair ... 10 lbs. to 1 6 lbs. 25 to 50° % 
Longridge 20 lbs., and upwards, 9 J* % 

It appears, then, as if the draught and the arrangements of the 
furnace and combustion chamber had a good deal to do with the 
excess of air necessary for complete combustion. 

The ideal arrangement is to expel the gases out of the chimney 
by mechanical means, at the same temperature as the outside air. 
In that case, excess of air would not be a great trouble. But, if 
even that were attained, excess of air brings in another trouble of 
great importance to the naval engineer. It means low initial 
temperature of the furnace, and with high ^ efficiency of heating 
surface, this means great heating area and a heavy boiler. 

Naval architects want the lightest possible^boiler. They would 
rather err a little on the carbonic oxide side than on the excess of 
air side. They must have a fierce fire, mechanical draught, the 
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lightest possible heating surface, and the minimum of loss by 
carbonic oxide and excess of air. 

Imagine, then, that a fierce fire, a fire of high temperature, has 
been gained ; let us consider the way in which the heat is conveyed 
from the fire to the water. There is the water to consider, then the 
hot gases, then the plate. Consider the plate first. To do so, we 
may not advance very far in the improvement of steam boilers ; but 
one is always the better of knowing exactly what has been done by 
others on any question of science. 

Somewhere about the year 1824, Joseph Fourier gave a carefully 
drawn up theory of the transmission of heat through a plate. This 
theory has been given to us in the beautiful language of Prof. 
James Clerk Maxwell, in his text-boak on Heat. Conceive, he says, 
a large boiler with a flat bottom, the thickness of which is c. Flames 
are beneath, and they maintain the lower surface of the plate at the 
temperature T, and heat flows up through the plate to the water, 
which keeps it on the water side at the temperature S. Consider 
now a portion of this plate of length a, of breadth h^ and thickness c. 
He says, further, that the flow of heat through the plate depends on 
" the dimensions of the plate at this ])lace, the temperature of its 
upper and lower surface, and the flow of heat through it, as 
determined by these conditions." So long as the difference of 
temperature does not affect the nature of the material at these 
temperatures, the flow of heat is exactly proportional to the difl'er- 
ence of temperature, other things being the same. 

Suppose, then, that a, 6, and c are taken, each equal to the unit 
of length, and T one degree al)Ove S, then the flow of heat is such 
that the same quantity which enters the lower surface leaves the 
upper surface and enters the water. Let this (quantity be k in the 
unit of time. Further, let H be the quantity of heat which flows 
through a boiler plate of dimensions ah, and thickness c, when the 
lower surface is at temperature T and the upper surface at tempera- 
ture S. Divide, he says, the lower plate into c* horizontal layers, 
the thickness of each being unity, and each layer into ah cubes, the 
sides of^each cube being unity. 
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The difference of temperature of the lower and apper sides of the 

plate is T - S. As there are c layers, the difference of temperature 

T — S 
of the lower and upper sides of each layer will be and, there- 

fore, the difference of temperature of the lower and upper sides of 

T — S 
each cube is . The flow of heat through each cube in unit 

■ 

of time will be ^ (T - S I Since each layer contains ab cubes, the 
flow through the plate in time t is 



H = — (T-s). 



The heat transmitted is therefore directly proportional to the area 
of the plate, to the time, to the difference of temperature, and to the 
conductivity ; and inversely proportional to the thickness of the plate. 
The term ^, the conductivity of the material, will be obtained from 
the equation 



k = 



abt(T- 6y 



Using Clerk Maxwell's letters — 

L = Unit of length. 
T = Unit of time. 
H = Unit of heat 
6 = Unit of temperature, 

, LH H 

k = 



L^T^ LT6^- 

Fourier says next, suppose we know the temperature of every 
point of a solid body through which heat is being transmitted. 
Suppose, further, that a surface be described which shall contain all 
the points with a given temperature T^. This imaginary surface 
will separate all the points of the body with a temperature higher 
than Tj from all the others with a temperature lower than T^. 

Now, suppose that a similar surface be described containing all 

4 
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the points with a temperature of exactly one degree less than T^, and 
another containing all the points with a temperature exactly one 
degree more than T^ and not to stop even at that, but suppose that 
a series of surfaces are described, each containing all the points for 
every exact degree of temperature between the hot side of the plate 
and the cold. These surfaces are of equal temperature throughout, 
and are the isothermal surfaces of the plate. The plate ^tself will 
then be divided into a number of layers by the surfaces, and the 
space between two surfaces which differ in temperature by one 
degree, will be in the form of a thin plate not necessarily of the same 
thickness throughout. The plate, which is under description, is 
supposed to be part of a complete shell, and subject to the same 
heat influences. At every point of the surface of a layer there is a 
flow of heat from the hotter surface to the colder ; the direction of 
the flow at any time is at right angles to the surface at any point; 
and the rate of transmission is greater the thinner the layer and 
the greater the conductivity of the material at that point. 

Suppose, now, a line of unit length is drawn at right angles to the 
surface of the layer, then if c is the thickness of the layer, and the 

others cut by the line are nearly of equal thickness, it will cut — 
layers. As the diflerence of temperature between the surfaces of 

each layer is one degree, — will be the difference of temperature for 

c 

unit distance measured in the direction of the flow. Since k is the 

conductivity, the transmission of heat along this line, in unit time^ 

will be — . 
c 

This then gives a mental picture of the thermal state of the body. 
It is divided into a number of imaginary layers, the external surfaces 
of each being isothermal surfaces and differing in temperature by one 
degree ; while a steady flow of heat is going on in the direction at 
right angles to the isothermal surfaces, from that of higher tem- 
perature to that of lower. 

Then, again, there is another condition which is necessary to 
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satisfy the state of a steady flow of heat, and that is, that the 
heat which goes in at one isothermal surface must come out at the 
next lower in temperature. If more heat goes in than comes out, 
that particular layer will rise in temperature, if less he&t goes in, it 
will fall in temperature and there will be a change in condition 
-of the body. This state of steady flow requires for its fulfil- 
ment a steady external source of supply of heat on the hot side of 
the plate, and a cooling medium on the cold side to take away the 
heat as steadily. This is Fourier's theory of the transmission of 
heat through the plate. 

Suppose, now, the difference of temperature between two sides 
of a plate be double what it was before, then the thickness of each 

I . " . k 

layer will be one-half, - will be double what it was before, — 

will be double, and the transmission of heat double. If the difference 
of temperature between the two sides of the plate be trebled, the 
heat transmitted will be trebled, assuming always that the state of 
steady flow of heat is maintained. Suppose, now, the conductivity 
of the plate is doubled, the transmission of heat will be doubled, if 
trebled the transmission will be trebled. If the plate is of copper, 
instead of iron, then the transmission will be six times what it was 
before, because the conductivity of copper is six times that of iron ; 
assuming of course that the difference of temperature of the two 
surfaces of the plate, its thickness, and everything else remains 
the same. The plate, its thermal state, and what goes on in it, has 
only been considered from theoretical assumptions ; we have now to 
see what are the couditions and limitations, as shown by experiment. 
Dr Kirk's experiments come first. 

Dr Kirk had often seen plates burned by high temperatures. 
He set himself the task of determining how far he could go in the 
direction of thick plates for providing high pressure steam for 
triple-expansion engines. Abandoning the water-tube boiler, he 
made experiments to find the limits as regards high pressure of the 
ordinary Scotch boiler. From the engineering laboratory point of 
view the question he had to solve was : Does the plate rise much 
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in temperature on its flame side, and what is the limit of thickness^ 
of plate to which one can go in order that it may not become 
too highly heated and oxidise ? The apparatus Dr Kirk used for 
his experiments consisted of a wrought iron dish, as shown in 
Fig. 2, with part of a steel tube, got for a boiler of n.M.S. 
Gibraltar, expanded into the plate in the usual way. The tube^ 
plate of the Scotch boiler is subjected to the fiercest fire, and so 
the bottom of the dish with the tube fixed in it, was intended to 
imitate the condition of the tube plate as nearly as possible. Half 
into the tube plate and half into the tube three plugs of fusible- 
metal were inserted ; one of tin, one of lead^ and one of antimony. 
The plugs when they melted indicated the temperatures of the 
bottom of the plate; the tin melted at 446'' Fah., the lead 
at 617°, and the antimony at 807°. At the beginning, and during 
the first experiment, the bottom of the dish, a a, was 2| inches 
thick. The dish was placed on an ordinary smelting hearth, the 
smithy blast being supplied through a couple of tuyeres. In this 
way, and using fusible plugs of different melting points, he obtained 
the following results : — 



RESULTS OF DU KIRKS EXPERIMENTS. 



Thickness 
of Plate. 


Temperature of 
Plate outside. 


2f ... 

If ... 


1000"* Fa 
. about 700° „ 


ir ... 
1' 


SOO'' „ 


w ■■ 


; _ ;; 



Temperature Difference of temp^ 
of Tube. per sixteenth -inch. 



Lower than 809° Fah. 



600° 

450^ 
446° 



>> 



)> 



}) 



it 



>j 



18° 

17° 
18° 
16° 
19° 



Fah. 



It will be seen from the above, that with these roughly estimated 
differences of temperatures, there is a fairly constant difference per 
sixteenth of an inch of thickness. 

Sir A. J. Durston employed similar means to obtain the tempera- 
ture of plates — fusible plugs for estimating the temperature. The 
most notable results of his experiments are as follows : — 
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1. With i-inch plate, water above 212' Fah., flame below 1500^ 

temperature of fire side 240**; difference for ^inch, 7* Fah. 

2. Same with layer of grease of ^-inch thick, temperature of 

fire side 330° Fah. Probable difference of temperature for 

layer of grease i^-inch thick, 90** Fah. 
He also obtained, with an open dish and with the liquid at boiling 
point, the following results: — * 

Temp, of hot Temperature 
side of Plate. of Fire. 

2,200° Fah. 



Clean fresh water ... ... 280" Fah. 

Mineral oil up to 5 % ... ... 310° „ 

Fresh water 2 J % paraffin . . . 330° „ 

Fresh water 2^ % methylated spirit 300" „ 

A greasy deposit ^-inch thick, 550° „ 



2,300" „ 

2,100° „ 

2,500° „ 

2,500" „ 



With water at a pressure such that the temperature of steam 

was 363° Fah.— 

Temp, of hot Temperature Ditference 
side of Plate. of water. of Temp. 

Over Bunsen burner . . . 430" Fah. ... 3630" Fah. . . . 67-0° Fah. 
Over blast forge ... 430° „ ... 3445" „ ... 855° „ 

We have now gone through the experiments of the late Dr Kirk 
to determine how the thick plates of a boiler may be made with 
safety. We have also discussed the experiments of Sir A. J. Durston 
made to determine the temperature of the fire side of a plate under 
varying circumstances. We now come to the experiments made 
by the late Mr Blechynden, to determine the effects of varying 
differences of temperature, and secondly varying thickness of plate. 

A full description of the apparatus used and the conditions of 
the experiments will be foand in ''The Transactions of the 
Institution of Naval Architects, Vol. 35." Some of the results of 
the experiments are shown in the table on the next page. 

* These all appear to prove the correctness of Lord Kelvin's view of a 
thin layer of liquid at the surface. 
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Each of the four groups consists of two readings of experiments 
made with the same plate. The 5th column gives the second read- 
ing of temperature in column 3, divided hy the first of each pair ; 
the 6th gives the evaporation from the plate of the second 
reading divided by the first ; and the 7th column gives the square 
of the second temperature divided by the square of the first. It 
will be seen that the numbers in columns 6 and 7 are nearly equals 
and that the evaporation with the same plate is proportional to the 



1 
1 

2 


Temp, of 
farnace. 


Diff. of 
temp. 


Total units 
of evap. 


Temp. 2. 


Evap 2. 
Evap 1. 


1 

Temp. 2. 

; Temp. 1. 


Temp. 1. 


2 

838° 
1,445 


3 


4 


5 


6 


7 


626'^ 
1,233 


6,820 
27,100 


1-9 


3-97 


3-87 


1 
2 


775° 
1,860 


563° 
1,148 


6,705 
29,550 


2 


4-4 


40 


1 

2 


625° 
1,465 


413° 
1,253 


4,270 
38,950 


3-0 


9-13 


9-0 


1 
2 


850° 
1,465 


638' 
1,253 


9,175 
38,950 


1-9 


3-84 


3-86 



difference of temperature between the flame and the water, squared^ 
The accompanying curves, Fig. 3, give the evaporation and the 
difference of temperature for different thicknesses of plate. For 
a ^inch plate it is 62,000 thermal units per square foot per hour; 
for a ^-inch plate 60,000; for a 1^-inch plate it is 88,000, with a 
difference of temperature of 1,600" Fah. It appears also that the 
higher the carbon value the thinner the plate, and the greater 
the difference of temperature between flame and vfater the higher 
is the eflficiency of the heating surface. These factors point to clean, 
thin, and high carbon value of plates to be used in boilers. 

We can now consider what really goes on between the hot gases 
as the source of heat on one side of the plate, and the water on the 
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other. To simplify matters, assume first that the hot gases are as 
still as the plate and remain fixed in position. Assume also that 
the water remains stationary, and simply conducts heat away from 
the plate as if it were a solid. We have then three separate 
bodies, water, metal, and gas, side by side, and the heat flowing 
through the three. Now, it has been said by eminent men in 
London, that if ever one has any doubt about anything in Physical 
questions he had better see what Lord Kelvin has said about the 
matter. This is what Lord Kelvin has said about this matter : — 
*' Although the water or air at the very interface of its contact with 
the metal is essentially at the same temperature as the metal, there 
must be great differences of temperature in very thin layers of the 
fluid close to the interface when there is large flux of heat through 
the metal, and the temperature of the fluid as measured by any 
practicable thermometer or inferred from knowledge of the average 
temperature of the whole fluid, or from the temperatures of entering 
and leaving currents of fluid, may differ by scores of degrees from 
the actual temperature of the solid at the interface." 

Now, suppose that the plate is of iron, and that the thickness of 
a layer of iron, the temperatures of the surfaces of which difl'er in 
temperature by one degree, is c ; since the conductivity of iron is 
80 times that of water and 3,500 times that of air, the layers of 

water, whose surfaces differ by one degree, will be grr and the layers 

of hot gas -q-ivoo' Suppose c is yV'i'^^^j *^®^ ^^^ ^^® same differ- 
ence of temperature the thickness of a layer of air will be ^z.hs'u^^ 
of an inch. If the average temperature of the furnace gas is IjGOO*" 
Fah. and the temperature of the fire side of the plate 400**, the total 

thickness of the layers of air will be » ! ^^^ = gg- inch, very nearly. 

The layers of metal, in case of boiler plates with adjacent interfaces 
having a difference of temperature of one degree, are often much less 
than y\f-inch in thickness. One calculation made the difference of 
temperature of the two sides of a y^-i^^^b plate, 2^"* Fah. This givea 
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a thickness of ^V'^^^^^ ^^^ & difference of temperature of one degree 
of its interfaces, and it follows that the total thickness of the 
layer of hot gas would be y^g^-inch, which is about the thickness 
of a sheet of note paper. One can easily imagine a layer of gas of 
this thickness adhering permanently to the sides of a plate, without 
being much disturbed with the motions of the hot gas on its fire side. 
Consider next the water side. Taking c again as the thickness of a 
layer of iron, the sides of which have a difference of temperature of one 

degree, then the thickness of such a layer of water will be ttt. and 

as c was taken above as ^^(f-inch, we have the thickness of a water 
layer ^-^ — inch. Suppose the temperature of the plate on the 

water side is 40C* Fah., and the temperature of the water in round 
numbers is 350** — which is about the temperature for water with a 
steam pressure of 150 lbs. This gives a difference of temperature 
of 50** Fah. between the side of the plate and the body of the water. 
Fifty layers each ^.J^-inch thick is ^-inch, which is about the 

thickness of two sheets of note paper taken together. Now, water 
adheres to the surface of a plate, and it is quite within the mark to 
imagine that a film of water, of thickness equal to that of two sheets 
of note paper taken together, adheres to the water side of the plate. 
What then does this complete theory of Lord Kelvin give us 1 It 
gives us three conducting bodies — water, iron, and gas, and if the 
iron be taken as ^ - inch thick, the thicknesses of the three are in 
the proportion shown in Fig. 4. 

But it will not be quite so simple as shown. Although there is 
an adhering film of gas, it is not quite evident that the same particles 
of gas will form that film. It is hardly to be expected that this will 
be so, when there is constantly rolling against the film of gas, gas of 
the same kind greatly agitated. The fire side of the film will hardly 
be defined, there may be breaches into it, and there will be diffusion, 
and, if the theory of heat is correct, there will be a constant inter- 
change of particles. That being so, and the velocity of the particles 
being as the square of the temperature, there will be an average 
effect which should be greater than that expected from a simple rise 
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of temperature. Consider the plate to have a difference of temperature 
of 5° Fah. between the two sides; this will cause twice the quantity 
of heat to go through, and a difference of temperature of lO'^ will 
cause four times the heat to be conducted through. With this rate 
of transmission, the layers on the water side will become a quarter 
thinner, and the temperature of the surface of the plate on the water 
side four times higher. The plate will now be at a temperature of 
550° Fah. on the one side, and 560° on the other ; the water still 
at 350°; and hot gases at 2850^ ]Sly contention is that half of the 
increase of temperature on the fire side is due to ordinary conduction 
of heat through a gas, while the other half is due to the diffusion and 
interchange of the molecules which compose the skin layer and 
those which compose the body of the hot gas. 

It has been assumed that the layer of gas on the side of the metal 
is constant in thickness, but of course it will not be necessarily so, 
and the rolling of the hot gases must be continually playing a 
part. But on the whole there may be some average result which 
may be attained in practice on the lines laid down. 

We have now discussed what goes on at any particular place of 
the boiler or tube plate when there is a given temperature. But 
the temperature is high in the furnace, and falls as it goes towards 
the chimney. The temperature is also constantly changing up and 
down in the furnace through hundreds of degrees, and therefore will 
be constantly undergoing change on the way to the chimney, and 
also at the chimney. We are now only interested in the manner in 
which the transmission is distributed over the heating surface. Sir 
A. J. Durston has found temperatures along a tube which are shown 
by the curve, Fig. 5. Here it is seen that the temperature is 
1344° Fah. in the fire-box, and a little over 600" in the smoke-box. 
It falls rapidly at the beginning, because the transmission is very 
■great then. In the same figure a second curve shows the compara- 
tive rate of trausmission at each point of the tube. 

Disiribuiion of Evaporation. — A locomotive boiler was taken, made up 
of sections for experimental purposes as shown in Fig. 6, and the eva- 
poration from the sections separately recorded for different draughts. 
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Belative Evaporation performance of a locomotive boiler on the 
Northern Railway of France : — 



Fuel. 


Foroe of 
Diaugiht. 


Fuel 

consumed 
per Hq. ft. 
of grate. 


Relative total quantities of Water eyaporated. 


1st Snd 
Section. > Section. 


8rd 
Section. 


4th 
Section. 


6th 
Section. 


Total. 


Coke 


Milli- 
metres. 

20 
40 
60 
80 
100 


lbs. 

48-5 
72-7 

80-8 
88-2 
85-7 


percent. 

46-2 
42-9 
38-3 
86-5 
311 


percent. 

30-1 
29-9 
30-8 
31-3 
32-5 


percent. 

180 
14-2 
16-0 
16-3 
185 


percent. 

6-9 
8-1 
9-1 
9-4 
10-5 


percent. 

3-8 
4-9 
5-8 
6-5 
7-4 


percent. 

100 
100 
100 
100 
100 

1 



The table shows the average results of the performance of coke. In 
Fig. 7, the base of the diagram is set off to represent the areas 
of the sections. The vertical heights of the rectangles represent 
the evaporation. The curve shows the rate of evaporation at 
every point of the heating surface. The ratio of each sectional 
evaporation over that which follows is very nearly one-half: — 



2nd 
Ist 



= -5 



3j;d 
4 th 



= -56 



4th 
"3rd 



= -65. 



One may see from the diagram that an extension of the heating* 
surface would not be followed by a great access of heat to the 
water. 

Mr D. K. Clark proved, as a result of many experiments, that the 
evaporation of a boiler per lb. of coal decreased in proportion as the 
grate area increased. He also established the rule that with the 
same area of grate the evaporation increased as the square of the 
heating surface. The curve of evaporation which he made, repre- 
senting the evaporation from the tube plate and each point of the 
length of the tube, has a family resemblance to the indicator diagram, 
Fig. 7. The transmission of heat takes place between two tem- 
peratures, that of the furnace and that of the smoke-box. It is like 
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the case of the steam cylinder ; the work is done between the tem- 
perature of admission and of exhaust. When a feed-water heater is 
nsed, the curve of transmission of heat may be extended and the area 
of the curve increased, as it is increased in the case of the indicator 
diagram when a condenser is added to the engine. The feed-water 
heater, however, does not simply increase the diagram of evaporation 
but affects it, and introduces advantages by making a compound 
generator in the same way as the compound cylinder has advantages 
over the single cylinder. 

From the foregoing views with regard to thin plates, and the 
higher rates of transmission of heat obtained by them, it will be felt 
that water-tube boilers take advantage of this property. A tube 
^-inch thick will transmit 60,000 thermal units per square foot per 
hour, while a f-inch plate transmits only 46,000. Then, again, the 
movement of the water over the flat surface of the thick plate is 
comparatively sluggish compared with the movement of water over 
the inner surfaces of tubes, and whether it is owing to the disturbances 
of the layer of skin water, there is due to this a great increase of 
the transmission. Further, water which is continually circulating 
and being brought up the upcomers, is repeatedly being brought 
through the boiling point; and due to this the transmission i& 
sometimes increased three-fold. Since the water-tube boiler lends 
itself to these advantages, it becomes less difficult to understand 
that the weight per H.P. in the best boilers of this type is so low. 

But there is still another factor which must be taken into account 
when dealing with the transmission of heat from a hot gas moving 
through tubes. A natural draught allows the gases to go through 
amongst the tubes or through them at a comparatively slow rate, 
while with forced draught the rate is very fast. The question then 
arises whether or not the rate of motion of the gases over the 
surface has any influence on the rate of transmission. Neither 
Newton, Dulong, Peclet, Joule, or Rankine have taken this into 
consideration. But Osborne Reynolds was sure that the rate of 
motion would exert considerable influence, and he wrote the follow- 
ing.—-" The cooling eflfect of a wind in comparison to still air is sa 
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^yident that it must cast doubt on the truth of any hypothesis which 
does not take it into account." 

Professor Ser has made direct experiments to settle the question, 
as he did in the case of the rapid motion of the water through a 
tube. For the purpose of his experiment he used a tube '25 metres 
in diameter, with 50 radial projections like the nerves in a Serve 
tube. The height of these nerves was -05 metres, and they 
diminished in thickness from -008 metres at the bottom to '002 
metres at the top. The heating surface was 5 '40 square metres. 
The operations were made in two tubes, one surrounded by a 
cylinder removed one centimetre from the extremities of the projec- 
tion, allowing for the passage of air an annular space of •0488 square 
metres only ; the other placed in a rectangular box leaving free an 
annular space of '098 square metres round the tube, a passage more 
than double the other. 

The results of Professor Ser's experiments were as follows : — 



Section of passage of the 
air •OQS sq. m. 



Section of passage of the 
air '0488 sq. m. 



Speed through 

the tabe in metres 

per second. 


Co-elticients in ' 
calories per sq. 
metre per hoar. 

I 


Speed throagh 

the tube in metres 

per second. 


Co-etiicients in 
calories per sq. 
metre per hour. 


•42 


4-80 


M37 


6-8 


•48 


4-12 


1-318 


7-66 


•57 


4-82 


1-350 


7-74 


•58 


4^82 


; 1-369 


7-88 


•65 


4-88 


1-648 


8-56 


•68 


4-98 


1-684 


8-66 


•75 


5-06 


1'884 


9-42 


•80 


5-94 


1-930 


9-00 


1-047 


7-52 


2 '3 60 


10-44 



From the above it is clearly seen that the velocity of the gases 
over the surface exert a considerable influence. With a velocity ot 
'42 metres per second, the transmission of heat per square metre per 
hour is 4-8, with a speed of 1 -047 metres per second, the transmission 
is 7*52 per square metre per hour. 
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Correspondefnce, 
Mr F. J. Rowan (Member) — Mr Halliday had given a fairly 
complete view of the limitations to the realization of the theoretical 
temperature of combustion usually experienced with ordinary boiler 
furnaces. Those which were due to insuflficiency or excess in the 
air supply, plainly pointed to the need for improvement in the means 
of combustion usually employed. For when Mr Halliday said that: 
"It must be remembered that no such thing as a constant temperature 
of furnace and chimney exists in practice, the temperature changing 
in the furnace 200** Fah. in less than a quarter-of-an-hour, and the 
chimney varying within 100° in about the same time," he could not 
mean that such a thing was not possible provided that better arrange- 
ments were employed other than those in common use. For 
instance, a large amount of that fluctuation of temperature would be 
prevented if the necessity for repeatedly opening furnace doors were 
abolished, and there was no reason why that should not be done. 
In considering the possible effects of dissociation on the temperature 
produced where no excess of air was supplied, Mr Halliday over- 
looked the fact that, dilution with the nitrogen which the air 
contained, acted in lowering the possible temperature of combustion 
as compared with the possible with pure oxygen. Bunsen's 
investigations showed that the effect of the presence of such a 
diluent gas was, that a larger proportion of the combustible gas was 
able to enter into combination with oxygen at one time, on account 
of the action of dissociation being delayed, than was the case when 
pure oxygen was used. Bunsen showed that by successive slight 
undulations of temperature, successive quantities of gas entered 
into combustion, and that a mean temperature not very far short 
of the temperature of dissociation could thus be maintained. He, Mr 
Kowan, had referred to these matters in " Fuel and its applications *' 
(Vol I. of Groves and Thorp's Chemical Technology, pp. 366-368). 
No doubt pyrometer records of temperatures actually obtained in 
practice would be very useful if they had sufficiently careful observa- 
tions with a thoroughly reliable instrument; but until the advent of 
Le Ch atelier's and similar electrical pyrometers such observations 
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were scarcely possible. The theory or law that the transmissioa of 
heat was in direct proportion to the difference in temperature was 
much older than Fourier; Sir Isaac Newton announced it, but Fourier*s 
and Professor Clerk Maxwell's application of it to metal plates brought 
it within the range of engineering practice. Mr Halliday had, he 
was glad to see, quoted Professor Clerk Maxwell's lucid statement 
of the theory, and it was likely to receive more attention now than was 
the case when he, Mr Rowan, reproduced the same formula in 1878, 
in "The Design and Use of Boilers." With regard to the later experi- 
ments of Dr Kirk, Sir A. J. Durston, and Mr Blechynden, it appeared 
to him that they, with perhaps those of Mr Yarrow also, were being 
pressed too far. They were not properly experiments on the trans- 
mission of heat, although some temperature estimations necessarily 
were made in their course. Dr Kirk's experiments were made 
(like Mr Yarrow's) to test the extent to which tube plates of 
different thicknesses could be damaged by excessive temperature. 
It was not possible with a dish such as he used, to have either a 
sufficient quantity of water, or adequate circulation in the small 
quantity which was employed, to properly conduct the heat which 
passed through the metal. The same might be said of the experi- 
ments of Mr Blechynden, and of the first portion of those of Sir 
A. J. Durston. The latter portion of Sir A. J. Durston's experiments 
had more bearing on the subject, because they showed, to some extent, 
how heat was gradually dissipated along tube surfaces. But even those 
experiments were only of partial interest, because they were made 
(as well as the others quoted) with smoke-tubes and none with water- 
tubes, and the conditions were widely different in the two kinds of 
surface. In short, the experiments were really experiments on the 
effects of heating on boiler construction, and not, or only indirectly, 
on the transmission of heat from gases to water in boilers. He 
would again protest that Mr Blechynden's experiments established 
only the ratio obtained in his apparatus, and not any general law. As 
long as such results remained on record, as those quoted by him in 
his reply to the discussion on his paper on '* Water-Tube Boilers,"* it 
♦ Trans. Inst, of Engineers and Shipbuilders in Scotland, Vol. XLI. 
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i^as quite clear that a ratio of heat transmitted to difference of tem- 
perature squared would not express all the facts. Both Dr Kirk's 
and Sir A. J. Durston's experiments also introduced elements of 
uncertainty in their use of fusible plugs. A junction of metals of 
diverse conductivities might produce both thermal and electrical 
-effects which would interfere with true readings of results. On the 
whole, in this matter, as well as in others connected with boilers and 
their action, one might do worse than consider a remark made 
several years ago to the effect that : " Whatever can be said for or 
against the deductions of the experimenters referred to, they all 
involve the same error, namely, that of deducing a law of universal 
application from too small a series of experiments, in which factors 
having an undoubted influence were omitted." In fact, the reference 
to Professor Ser's experiments, with which Mr Halliday closed his 
paper, presented a pointed commentary on that view of the matter, 
as the element of velocity of travel of hot gases over the heating 
surface had been almost universally ignored. 

Professor John Perry, D.Sc, F.RS. — Was sorry to say that he 
had too little time to say much about this valuable paper, but as his 
name had been mentioned, and as the Secretary had asked him to make 
some remarks, he should do so hurriedly. The assumptions in his 
*' Calculus '' were Academic ; he gave them as easy exercises on the 
Calculus which happened to be in his stock of notes ; he was sorry 
now that he did not say that they greatly differed from the theory 
of flues which he was in the habit of giving to his students. He 
had often meditated upon the well-known French locomotive ex- 
periments quoted by Mr Halliday on page 58, and also on others, in 
which, when half the tubes in a locomotive boiler were closed up, 
there was practically the same efficiency, and he had for five or six 
years impressed upon his students the fact that it was only in bad 
boilers that actual area of heating surface was of importance. In 
fact, he had pointed out that length of flue divided by hydraulic 
mean depth, both in the flame and water spaces, gave the real 
determining factor in the efficiency of a boiler. He had also pointed 
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out that any source of increased friction in flues — anything causing 
a need for greater draught — increased the rate at which heat passed 
from gases to water. But he had no guiding theory, and he did not 
know that Professor Reynolds had given the necessary suggestion 
in his 1874 paper (Lit. and Phil. Soc. of Manchester). His eyes 
were opened by a paper read by Mr Stanton (of Owen's College) at 
the Royal Society, two years ago. He passed streams of hot and 
cold water through concentric tubes, and showed that the losses and 
gains of temperature per foot were practically independent of veloc- 
ity. He (Professor Perry) pointed out at the meeting, how this 
cleared up their difficulty in understanding the French locomotive 
experiments and others. He at once (the same evening he believed) 
saw a working theory which might be briefly given as follows : — Let 
average velocity be V, average temperature (absolute) of gases be T, 
and temperature of metal be T. There was a layer of fluid at rest 
at the surface of the metal of a flue. Per unit area per second let 
N molecules enter this layer, giving to it axial momentum per 
second proportional to NV; this was what they meant by force 

F 

of friction F per unit area, so that N a -p Now each molecule 

brought with it kinetic or heat energy proportional to T, and 
took away energy proportional to T^. He was giving the theory 
in its very simplest shape, and neglecting heat resistance between 
layer and metal, and hence the heat per second per unit area, 

H oc N (T - T J or H a ^ (T - TJ. Now in fluids F oc /> V-^ where 

p was the density, hence in gases H was proportional to V. That was 
an exceedingly important theory, he thought, however crude it 
might appear, as he hastily gave it. The papers of Professor 
Reynolds would probably give something very much more valu- 
able to the diligent student, and some of the results were published 
in Mr Stanton's paper in the Philosophical Transactions. The 
crude ness and weakness of his (Professor Perry's) theory lay in his 
use of average V and T. He could not get at his notes just then, 
but it was easy to aj)ply the above result to the case of gases at high 
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temperature on one side of a metal plate and water on the other, and 
to show that his early notions were borne out by the theory. Taking 
a small tube conveying hot gases, dragged through at enormous 
velocity, and a concentric tube conveying water in the opposite 
direction at great velocity ; they had in that combination a method 
of giving up heat, which was fifty times as great as what occurred in 
an equal amount of heating surface in the best existing boilers. At 
present the metal resistance was y^^r^h or -nniT^^^ ^^ ^^^ whole 
heat resistance ; he thought it possible to get nearly to the con- 
dition in which the metal resistance would be the most important 
heat resistance. That led to the result that the boiler of the 
future would burn its fuel under pressure in a very non-conducting 
chamber, and the products of complete combustion would pass with 
great velocity through very fine very thin tubes surrounded by water 
which was made to circulate with great rapidity, driven by a pump 
or injector. He begged to apologise for the hurried nature of these 
remarks ; but it was a case of sending crude remarks or else sending 
nothing. 

Discussion 
Professor W. H. Watkinson (Member) considered this subject 
of the greatest importance in connection with the design of steam 
boilers, and he wished to thank Mr Halliday for bringing it before 
the Members of the Institution. He regretted, however, that the 
author had treated the matter as if the main difficulty in the 
transmission of heat, from the hot gases to the water, was due 
to the resistance of the metal and to the resistances at the two 
interfaces. That method of treatment, although well known, had 
been of exceedingly little use to engineers, as it neglected, almost 
altogether, the real difficulties of the problem. The resistance to 
flow of heat through the metal, no matter what the nature and 
thickness of the metal might be, was in nearly every practical case 
so small that it might be ignored. The real difficulties of the 
problem were in getting the hot gases and the water to the heating 
surfaces and away from them again with sufficient rapidity; and the 
main difficulty was in dealing with the gases. In other words, 

5 
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the main difl&culty was not the resistance to flow of heat (because 
that was always comparatively small) but the low temperature of 
the metal on the gas side, due to the imperfect arrangements for 
transporting the gas up to the surface and for immediately getting 
it away again therefrom. In some experiments which he (Prof. 
Watkinson) had made, an evaporation of over 50 lbs. of water per 
hour per square foot of surface had been obtained, and from later 
experiments he believed it possible to double that rate in practice 
while maintaining an eflSciency, as high as that obtained in first-class 
boilers. Those results had been obtained by arranging the heating 
surfaces so as to deal with each portion of the gas completely at one 
operation, instead of by the instalment system adopted in all boilers. 

Mr C. E. Stromeyer (Member) said he could not agree with 
Prof. Watkinson's statement regarding the enormous rate of heat 
transmission. It should be remembered that when a heating 
surface was in contact with water on one side and air or gas on 
the other, the plate acquired practically the same temperature 
as the water, whereas a great difference of temperature existed 
between the plate and the gas. According to experiments in 
which the conditions were very favourable, about 600 thermal 
units per hour had been transmitted through a heating or cooling 
surface having water on both sides, per 1" difference, whereas, when 
the water was replaced by air, the rate of transmission was reduced 
to 2 or 3 thermal units per square foot per hour per 1** difference 
of temperature. With water on one side and air on the other that 
rate would be about doubled. But to transmit the same amount as 
if there were water on both sides would require differences of 
temperature from 100 to 150 times greater than in that case. 

The discussion of this paper was resumed on 22nd November, 1898. 

Mr C. A. Matthey (Member) remarked that one very important 
point which had to be decided, and which cropped up in every case 
of transmission of heat from hot gases through metal plates, was, 
whether the rate was simply proportional to the difference of 
temperature or proportional to the square of that difference. Mr 
Halliday had put forward both of these hypotheses, but he did not 
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6um up in favour of one or the other. Fourier and Clerk Maxwell 
were mentioned as being of opinion that the rate varied simply as 
the difference of temperature, and he (Mr Matthey) thought that 
was the general opinion. Over and over again he had heard people 
quoting Eankine as holding that view, but Rankine did not do 
anything of the sort. It was true he said something which looked, 
at first sight, as if that were meant ; but, if the whole context of his 
remarks were read, it would be seen that he said the quantity of 
heat transmitted varied as the square of the difference of temperature. 
It was a question of the interpretation of the language employed, 
and depended upon what Rankine called the " rate of transmission." 
He did not mean by that the total quantity of heat transmitted per 
square foot, as was generally understood by that expression, but the 
rate of transmission per degree of difference of temperature, in 
which sense it was also used by other writers. Kankine said that, 
" The rate (i,e,, rate per degree) varied directly as the difference of 
temperature;" from which it followed that the total quantity of heat 
transmitted varied as the square of that difference. The passage 
would be found in Rankine's work on " The Steam Engine," pp. 
259 and 260. The total heat passed into the water was there given 

as:— T'-T 

q - _ , 

a- +(r -\- px 

T' and T being the temperatures of the two fluids which are respec- 
tively in contact with the two faces of the plate, a' and o- the surface 
resistances of the plate, and px the internal metallic resistance; 
px being relatively inconsiderable, it might be neglected, and the 

expression written — 

T'-T 

Eankine then said — " It will be shown in a subsequent Article, that 
the results of experiments on the evaporative power of boilers agree 
very well with the following approximate formula for the thermal 
resistance of boiler plates and tubes : — 
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which gives, for the rate of conduction per square foot of surface 
per hour, _ (T - T)^ „ 

^ "" a ' 
It followed, therefore, that the total transmission varied as the 
square of the difference of temperature. This was strangely borne 
out in the paper by the actual experiments referred to by Mr 
Halliday. In Fig. 3, the curves, whose ordinates represented 
heat transmitted, and abscissas differences of temperature, looked 
to the eye to be parabolic, and, on scaling them, he found that 
they were. Again, in the Table on page 54, Mr Halliday gave, 
in column 7, figures which showed that the transmission varied 
very nearly as the square of the difference of temperature, the dis- 
crepancies being quite within the range of errors of observation at 
such high temperatures. He was surprised that Mr Halliday had not 
summed up in favour of that theory ; but, instead, he seemed rather 
to admire Clerk Maxwell's view that the transmission varied as the 
difference of temperature. It would appear that Clerk Maxwell 
alluded to the internal resistance of the plate, and not to the surface 
resistance. He (Mr Matthey) could see no abstract reason why the 
rate should vary one way more than the other ; it was purely a 
matter of observation. He would ask whether it could not now be 
agreed whether the transmission was as the square, or simply as the 
difference, of temperature. 

Mr Robert T. Napier (Member) said it appeared to him that, on 
the question of the transmission of heat from burning fuel to the 
water inside a boiler, it was quite impossible to draw the line 
between the quantity of heat transmitted by convection and that by 
radiation. Anyone who had experience of shipyard furnaces knew 
that it was quite possible to get clothes singed while standing in an 
atmosphere but little above the freezing point, which clearly showed 
that difference of temperature between the two sides of an object 
need not exist in order that the object in question might receive 
heat. Hot gas was a good radiator of heat, and radiation must go 
on concurrently with convection, right through combustion chambers 
or tubes to the uptake. As to the transmission of heat through the 
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plate itself, his fitther had made experiments on that point some 
years before the foundation of the Institution. In those days there 
-were engineers who advocated making boilers of copper, on account 
of the high conductivity of that metal ; and, with a view to settling 
the question, a series of vessels were made, having bottoms of 
different metals and different thicknesses, ranging from copper ^V 
inch thick to lead ^-inch thick, and given quantities of water were 
evaporated in them. The result of the experiments showed that, 
the nature or thickness of the bottom of the vessel had practically 
nothing to do with the rate of evaporation. The time might arrive 
when it would be necessary to know accurately the greatest quantity 
of heat that a plate of certain thickness could transmit, but that day 
had not yet come. At present, the question how to accelerate the 
rate of absorption of heat by the locUer was the all-important one. 

Prof. A. Barb (Member) remarked that he would emphasise what 
Mr Napier had said, by pointing out that Eankine was speaking of 
two different things in the two passages quoted by Mr Matthey. 
There was no doubt that the conduction through a plate was pro- 
portional, or very nearly so, to the difference of temperature of its 
two sides ; but for a boiler question that was of comparatively little 
importance. They had to remember that the gases in immediate 
contact with the plate had the same temperature as the plate, which 
was always very low — never approaching a red heat. No doubt a 
considerable amount of the heat entered the plate by radiation from 
the fire or from the flame, and not by the contact of hot gases. 
First of all, advantage had to be taken of the direct radiation, in 
order to get the heat out of the gases ; then the film of cooled gases, 
which was necessarily at the temperature of the plate, had to be 
cleared away as rapidly as possible. What engineers had to do was 
to cause the gases to flow over the heating surface with such rapidity 
that there was a continual approach of new hot particles to the 
immediate vicinity of the plate. He had frequently referred to this 
question at previous meetings of the Institution, but it could hardly 
be too often pointed out that it was necessary to arrange for the 
products of combustion to be carried as rapidly as possible through 
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the tubes or over the plates. He thought that one reason for the 
great efficiency of the first portion of the tube in Sir John Durston's 
experiment, Fig. 5, was that^ the motion of the gases was much 
more unsteady on entrance to the tube than it was after the 
gases had travelled some distance along the tube. Engineers often 
said that : " The flues of the boiler must be large enough to give 
the gases plenty of time to give up their heat." That was entirely 
wrong in regard to boiler design. If a certain quantity of coal was 
burned in the furnace, a certain amount of products of combustion 
was produced. Suppose that in one case these products were 
carried through circular tubes of 2 ins. diameter, then, with a definite 
area for the passage of the gases, and a certain amount of surface 
area for the transmission of the heat, they would get a certain 
amount of heat out of the gases. If in another case the same tubes 
were flattened so as to keep the heating surface the same, but 
making the passage way only one-fourth of an inch wide, then, if 
the same quantity of gases per minute were passed through these 
flattened tubes, they would get more heat out of them, because the 
gases were brought much nearer the surface in the second case than 
in the first; and, moreover, the rapidity of motion being much 
greater, the cooled film would be more eff'ectively cleared away from 
the plate. It was this question which was the important one from 
the boiler point of view, and not the matter of the actual conduction 
through the plate. He was glad that Mr Napier had referred to the 
experiments made by his father, because, there were a great many 
engineers to-day who believed that high conductivity of the material 
was the all-important question. The all-important question was to 
get the heat into the plate, and for that purpose the necessary con- 
dition was a very rapid motion of the gases over the heating surface. 
Mr G. Halliday, in reply, said the view expressed in the paper 
concerning the condition of the plate, was that held by Lord Kelvin, 
that a kind of film formed on both the gas side and the water side 
of plates which transmitted heat from gases to water. In the case 
of the gas side, it was only necessary to imagine a very thin film to 
understand that a condition of things would arise which would give 
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a comparatively low temperature at the immediate surface of the 
plate, and a very high temperature at the gas side of the gas film. 
The thickness of the film might be y^ijth of an inch, and the 
difference of temperature might be 1000° Fah. or more. The same 
condition of things held good on the water side of the plate. A film 
would also be there, and its thickness did not require to be very great 
to have a comparatively high temperature at the immediate surface 
of the plate, and a comparatively low one on the water side of the 
water film. These two phenomena were the great difficulties to be 
met with in the transmission of heat through plates. Fourier used 
some arrangement for brushing tho surfaces, which kept them as 
free from film as possible, but it was doubtful if such an arrange- 
ment could be made practical with boilers. It was to be feared that 
these difficulties could not be overcome; they would have to be 
endured as well as possible. The resistance of the plate was 
comparatively nil The difficulties regarding the gas and water 
films could not be too emphatically pressed home, and was Pro- 
fessor Watkinson quite accurate when he said that: "The low 
temperature of the metal on the gas side was due to the imperfect 
arrangements for transporting the gas up to the surface and for 
immediately getting it away again." 1 He (Mr Halliday) submitted 
that, the condition of things was a physical phenomenon which 
could not be got rid of under ordinary conditions. There was 
always a film of gas attached to a plate, whether hot or cold, 
which adhered to it and would not leave it, and the heat had 
to be conducted through it with all its disadvantages. The 
experiments of Professor Watkinson, promised at Sheffield, to prove 
that the skin film difficulty had been overcome, had not yet 
appeared ; but, whenever they* were made public such experiments 
would be extremely interesting to practical engineers. Surely Mr 
Stromeyer was right, and his opinion was borne out by practice, 
when he said : " The difference between the power of transmission of 
gases next the metal and liquid next the metal were enormous, and 
under the most favourable circumstances one could only obtain a 
transmission of 600 thermal units per unit area per hour, per degree 
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of difference of temperature, while with gas in contact with the plate 
the transmission was from 2 to 3 thermal units." The reason of the 
difference was ohvious. Professor Perry had drawn attention to the 
work of Professor Oshorne Reynolds, and to the later experiments 
of Mr Stanton, the results of which appeared in a paper read hy him 
before the Royal Institution in 1897. He (Mr Halliday) had the idea 
that fluids travelled through tubes with a motion similar to a vortex 
ring, and he wrote to Professor Silvanus P. Thompson asking whether 
any experiments had been made to prove this. It appeared that 
Professor Reynolds had proved that water moved, under ordinary 
conditions, in straight stream lines, but when heated the motion 
became confused. The particles of water moved all over the cross 
sectional area of the tube, and this confused motion was accompanied 
by an increase of temperature of only a few degrees. He (Mr 
Halliday) believed that gases moved through tubes with a motion 
like that of vortex rings, at least they did not move through in 
straight stream lines. Now, the point was this, the friction of a 
wetted surface increased as the velocity of the water on the surface,* 
and it was to be expected that, the quicker a fluid moved through 
a tube the more nearly would the motion of its particles assume the 
motion of a vortex ring. At higher velocities the number of 
particles brought into contact with the surface of the plate would be 
greater, and the quantity of heat carried away from the surface by 
those particles would also be greater. If it were assumed that at the 
beginning of the motion of the water through the tube it moved 
in straight lines, it would not go far before its temperature 
would rise. In consequence, the straight line motion would be 
broken up and become confused, and fresh particles would come 
into contact with the surface as the water proceeded through the 
tube. If water flowed through a tube under those conditions, and 

* [By actual experiment the late Dr Froude demonstrated that surface 
friction varied as the 1 '83 power of the speed ; and M. Risbec (see Bulletin 
de rAssociation Technique Maratime, vol. v., p. 45) considers ^'it is more 
rational to assume that fundamentally skin resistance, involving as it does the 
energy of wave-making, will be proportional to the square of the speed." — £d.] 
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received heat from the outside as it moved, then at a rate of one 
foot per second, so many particles would come into contact with the 
surface and take up a certain quantity of heat. If however the water 
were forced through at double the velocity, then, by the vortex theory 
of motion, the number of particles which came into contact with the 
surface would be doubled, and the quantity of heat taken away with 
the water would be greatly increased. Was the water used by 
Professor Reynolds allowed to fall through the tube with a velocity 
produced by its own weight ? Was the speed varied 1 Mr Stanton's 
experiments had proved that: **The speed of the water through the 
tubes made no difference of temperature transmitted." Professor Ser 
had put the law in a better form. " The heat transmitted was almost 
directly as the velocity of the water through the tubes." That 
would be true whatever the fluid might be, and especially would it 
be true in the case of hot gases. Mr F. J. liowan appeared to 
combat the law which Mr Blechynden had proved by experiment 
that, the quantity of heat transmitted per unit area was as the 
square of the difference of temperature between the hot gases and 
the water. In the experiments made by Mr Blechynden there was 
one disturbing factor — that factor was the plate. Fourier proved 
that a metal plate transmitted heat by conduction, and at a rate 
directly proportional to the difference of temperature between 
the two surfaces. But the water film on the one side, and the 
gas film on the other, transmitted heat in two ways, by 
conduction and by diffusion, hence the rate of transmission might 
be expected to be in the duplicate ratio of the difference of 
temperatures. Neglecting the resistance of the plate, and it was 
almost a negligible quantity, the transmission was as the square of 
the difference of the temperatures. It was pleasing to have it 
placed on record that, over 40 years ago Mr Napier had found, by 
experiment, that the nature of the plate or its thickness made little 
practical difference to the transmission of heat. Practical engineers, 
however, should remember that there was a difference when the 
thickness of the plate varied considerably. For example, when the 
thickness of the plate was 1^^^ inches, and the difference of tempera- 
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ture 1400° Fah., the quantity of heat transmitted would be 30,000 
thermal units per square foot per hour, and when it was ^inch 
thick, the quantity of heat transmitted would be 60,000 thermal 
units. It was to be feared that Dr Barr had fallen into the same 
error as Professor Watkinson, when he said: **Then the film of 
cooled gases, which was necessarily at the temperature of the plate, 
had to be cleared away as rapidly as possible." He (Mr Halliday) 
thought with Lord Kelvin and Professor Keynolds that it could not 
be cleared away, because it belonged to the plate. One might clear 
it away temporarily, for an instant, at a particular spot, or perhaps it 
should rather be said disturb it, in a laboratory experiment^ but it 
could not be done with the plates of a boiler. Was it right to say : 
"The film of cooled gases?" Might that not mean a film of constant 
temperature 1 Was it not better to say : " The adhesive film, almost 
infinitesimally thin, varied in temperature from the temperature of 
the plate on one side to that of the gases on the other, which would 
probably be from 400° to 2500°Fah. in the thicknessof a bit of paper 1" 
Professor Barr suggested making the hot gases go through narrower 
spaces, and thought, with the same area of surface, the proximity 
of the surfaces to one another would cause the gases to be 
more effective. Was this saying much for the theory of gases ? 
Did Professor Barr hold that a gas particle going through a tube 
moved in a direct straight path, and that the plates should be 
brought near to it in order that it might give up its heat 1 James 
Watt was fairly old fashioned now ; but, even he held that when 
steam entered the condenser the temperature immediately fell. 
Some might hold that the diffusion of heat across the section of a 
fire-tube would not be slower than that of steam. But it might be 
that narrowing the gas space would shorten the tube, make a lighter 
boiler, and require a more excellent automatic pump — the only 
question would be — Was it practical ? The unlimited resources for 
experimental proof of which Professor Barr had command should 
soon settle that mattei'. 

Mr Halliday was awarded a vote of thanks for his paper. 
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Lecture delivered at Sheffield, June 15th, 1898. 

Profkssor Arnold, delivering a lantern -illustrated lecture on this 
theme, said: — The subject of the internal architecture of metals 
was rather appropriate on the present occasion, inasmuch as 
Sheffield was the birthplace of the science of micrography, which 
had been inaugurated there by Dr Sorby thirty-five years ago. 
The work of Dr Sorby, however, was received with indifference, if 
not almost with contempt, by metallurgists in this country. As 
might have been expected, the new method of observation was 
utilised to some extent in Germany, but the plants there raised 
from the seed sown by Dr Sorby were, from a practical point of view, 
of a somewhat sickly growth. The internal architecture of metals 
had no reference to the old idea of metallurgists and physicists 
that, the mechanical properties of metal altogether depended upon 
the cohesion between the molecules. Lord Kelvin had described 
the size of a molecule by saying, if a single drop of water were 
magnified up to the size of the earth, then the constituent molecules 
would be proportionately about the size of marbles. That meant 
that the human brain was incapable of grasping the minuteness of 
molecules, just as it was incapable of g'rasping the vast magnitudes 
which separated the fixed stars from the earth. Fortunately for 
practical metallurgy, it was unnecessary, in most cases, to endeavour 
to ascertain the cohesion between the molecules of metals; as a 
matter of fact, the more important question was : What was the 
intercrystalline cohesion 1 In studying the question, even from an 
engineering point of view, it was absolutely necessary to obtain first 
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principles, and to obtain those, it was best to start to study the 
question on an absolutely pure metal, or, at any rate, a metal 
of 99*999 per cent, purity. If they took a piece of pure gold 
they found that it was built up of comparatively large crys- 
talline grains, of which they saw junctions, but they would also 
notice that those grains appeared quite different in colour. That 
was an optical effect; the primary crystalline grains were them- 
selves all built up of smaller crystals. Each one of the large crys- 
talline grains contained hundreds of thousands of smaller crystals. 
The smaller crystals were at differing angles in adjacent grains. 
The secondary crystals might reflect the light almost entirely outside 
tlie objective when they examined them by the microscope, and the 
consequence was that such crystalline grain appeared almost black. 
In the next grain they got almost the normal colour of yellow gold, 
because the constituent crystals reflected the light into the objective; 
as a matter of fact, these differences in the look of the primary 
crystalline grains were purely optical. Gold was one of the most 
ductile of metals, and metallurgists for years had been face to face 
with the remarkable fact that if they took pure gold — a material of 
great ductility — and if to that gold they added only one-tenth per 
cent, of the metal bismuth, it became almost as brittle as glass. 
That mechanical fact was well known, and many theories had been 
put forward to explain so extraordinary a feature. However, the 
cause remained practically unknown until some ten years ago, when 
the metallurgical department of the College in Sheffield started 
vigorously to develop the work of Dr Sorby, and the matter 
became very simple. This section (shown on screen) exhibited a 
structure of pure gold into which about two-tenths per cent, of 
bismuth had been introduced, changing it from a highly ductile 
metal to a material so brittle, that if it were dropped on an iron 
plate it would fracture. The cause of that brittleness was that the 
geometrical appearance of the crystalline grains of the pure gold 
was gone, and they had highly irregular grains in an alloy con- 
taining one-tenth or two-tenths per cent, of bismuth. The latter 
metal formed a definite alloy with a very low fusion point, and 
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as the mass cooled, between the grains of pure ductile gold, they 
got thrown oflF a layer as it were, a cell wall of weak mortar 
composed of gold bismuth alloy ; hence the brittleness of the mass. 
The next micro -section was viewed at a high power. There they 
saw the junction of three of the primary crystalline grains, also 
the small constituent crystals, and what appeared a great canal 
dividing the crystals of this gold bismuth alloy ; as a matter of 
fact, the properties of the metal inside these lines of weakness 
were as good as ever. The metal was quite ductile. They 
might say that was rather a difficult point to prove, but he 
could give absolute proof of that statement. If they took such an 
alloy as this, and heated it to 300 or 400 degrees Cent,, at that 
temperature it could be reduced to powder. These meshes of gold 
bismuth alloy became soft and pasty, and they could be separated 
by the pestle, the brittle alloy falling away, and thus they could get 
isolated grains ; primary crystalline grains of the gold. He had done 
that, and had picked out two small grains of equal weight ; keeping 
one and sending the other to the gold beater. The small gold grain 
which he showed represented none of the intense brittleness of the gold 
mass, proving that the bulk of the gold was unimpaired, and that they 
had brought about this remarkable weakness by having in the mass 
as it cooled a fluid micro-constituent, and wherever that obtained in 
steel or iron they had fatally weak metals. The excessively in- 
jurious eflFect of bismuth on copper was well known to engineers, 
and was easily determined by experiment. He showed a drawing 
of the original crystalline grains of pure copper in which the 
crystals were cohesive and face to face. If a small quantity of 
bismuth were introduced into that copper, which dissolved in the 
copper at a high temperature, then as the mass cooled the bismuth 
would come out, and place itself between the grains of the copper, and 
entirely break up the structure. That was a very simple explana- 
tion, and one that did not warrant appalling calculations on molecular 
distances, but could be seen with an ordinary cheap microscope of 
moderate power. He ventured to say that that class of observation 
was far more likely to be fruitful to engineers and metallurgists 
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than going too deeply into the question of molecular distances, 
as far as metals were concerned. 

He would turn to one or two cases of more direct interest to 
marine engineers, but before his remarks would be intelligible it 
would be necessary to briefly trace the conversion or growth of iron 
into steel. If they got perfectly pure iron — a very difficult matter — 
they had crystalline grains belonging to the cubic system, and the 
crystal sections of pure iron would be seen in the divided lines 
shown. Then, when carbon was introduced, the carbon would not 
by any means diffuse itself equally through the mass of the iron ; 
but would combine itself with a definite portion of it, forming a 
kind of definite alloy as the bismuth did with gold. In the case 
of iron containing about 0*45 per cent, of carbon, they had white 
irregular crystalline grains of iron, and large irregular grains of 
true steel. In that section the proportions of iron and steel were 
about equal, but intermixed, and each distinctly separate in the 
unhardened state. That was an important point always to remember 
in connection with structural steel, especially with castings, that a 
critical microscopical point existed at 0*45 per cent, of carbon, the 
point at which there was, in the material, equally balanced portions 
of the ductile iron, and of the comparatively brittle steel. If more 
carbon were added (say up to 0-6 per cent.), they produced a metal 
in which the steel grains were in the majority, and which presented 
the properties of steel rather than iron. If the carbon were kept 
<iown to 0-3 per cent, the iron crystals were in the majority, and the 
mass would possess the ductile properties of iron rather than the 
tenacious and brittle properties of steel. On the other hand, with 
0*9 per cent, of carbon, the whole mass would consist of what might, 
for convenience, be termed true steel. If they went still further, 
and added more carbon (say to 1*5 per cent.), the mass would consist 
mainly of steel grains surrounded by a very hard pig iron, so to 
speak ; in fact, they were now on the road to the formation of white 
iron. It had been long known to engineers that, the old idea that 
chemical analysis was going to solve everything had been exploded. 
They might have two pieces of steel identical in chemical com- 
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position, and yet their mechanical properties might he quite distinct. 
Take the case of a steel casting, for example. Before and after 
annealing, the chemical analysis was exactly the same, and though 
he did not propose to go into that question, he would like to throw 
on the screen a drawing showing the remarkahle changes in the 
micro-structure produced after annealing a steel casting, which 
changes accounted for the mechanical properties very largely. He 
would show sections of the structure hefore and after annealing. 
It was hard to helieve that they were the same metal ; yet, as a 
matter of fact, they were taken off the same casting within an inch 
of each other. Practical engineers would be inclined to say — " Yes, 
that is all very well : But has that micrographical analysis ever 
been useful in explaining cases in which mysterious fractures have 
occurred in actual practice ? " 

A very few years ago he would, in all honesty, have had to 
answer that question in the negative. Fortunately, he was now in 
a position to place before them the details of three important and 
mysterious causes of failures in marine engineering, which had been 
submitted to him. In these researches the microscope had been of 
the greatest assistance in giving information in determining the 
causes of failure, as well as in eliciting the causes of what seemed 
to be mysterious fractures. These matters had been already 
published. He had been speaking the other day to a well-known 
engineer on the Clyde— a prominent member of the Institution, he 
believed — who said to him — " You metallurgists, in your reports, use 
such scientific terms that we cannot understand your papers." He 
would, therefore, explain these points, using, as far as possible, no 
scientific terms whatever. He thought the first case to which the 
microscope was applied in marine engineering was that of a fractured 
tail-shaft, which broke without warning, and with no apparent 
cause. As a matter of fact, it had been a long time running ; but 
the examination under the microscope clearly showed that it had 
been cast from an ingot exceedingly hot, and afterwards liquation 
had taken place, so that the inside of the ingot was very much 
harder, and very much more impure than the outside ; and the 
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brittle metal had in some measure separated itself, started the 
fracture, and worked its way through. Bearing in mind the growth 
of steel from iron, when they looked at the two sections shown, cut 
from the centre of the shaft, they would see that the proportion of 
steel there was very large, and that the proportion of iron was com- 
paratively small. At the outside of the shaft it would be seen 
that the iron was distinctly preponderating, and the inside steel 
had a very much larger percentage of carbon. Independent of the 
percentage of carbon, it was steel with a dangerous fracture. If 
they examined it, as a whole, they would find irregular grains of 
steel, around which were layers of iron. If in a large mass there 
were cells of one material, surrounded by cell walls of another 
constituent, it was always a dangerous structure, and that accounted 
for the brittleness of that particular shaft. 

The other case to which considerable importance attached was in 
connection with a battleship. The piston had been propped up for 
some operation, and it fell down four or five inches. The cross-head 
pin, some eight inches in diameter, snapped in two. That was 
hardly a condition of things in which a battleship could be expected 
to go safely into action. However, the question which arose, was 
whether the cross-heads, which had been specified to be of the 
finest quality of Swedish wrought iron, were really of the defined 
quality. The doubt arose whether they were really of Swedish mild 
steel, and that was the point to be settled. The analysis was such 
that it could not be said decidedly whether the material was steel or 
slightly carbonised iron. It was possible to have about 0*2 or 0*3 
per cent, of carbon in the best Swedish iron. The microscope settled 
the point at once. If the material consisted of Swedish wrought iron, 
as the members well knew, it was made in sponges weighing about 
2 cwts. These sponges had never been beyond the pasty state of 
semi-fusion. In the structure of these masses were included 
globules of slag. When that iron was forged, these globules of 
slag were drawn out into what was technically called the fibre, in 
the direction of the working, so that if a longitudinal section of 
such a piece were examined, they would find its primary constituent 
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of irregular grains of iron, with long dark lines of slag running 
through ; but if a cross-section were taken, they naturally got an end 
view of these slag fibres. The section of this particular cross-head, 
however, presented the appearance shown by the lower drawing. 
It was mild steel. The bulk of the structure consisted of iron 
enclosing grains of true steel. That settled the question decisively 
when analysis had failed. 

Another case submitted to the College by Lloyds' Committee was 
in consequence of the fatal explosion on board s.s. " Prodano," in 
which four men lost their lives. Some very interesting facts came 
out in that connection. It was well known that the Muntz metal, 
which was used for bolts in marine engineering, was apt to 
corrode through the action of sea-water, and particularly of 
bilge-water. A clue to the cause of the "Prodano" explosion 
was obtained by the micrographic analysis of a Muntz metal 
bolt which had been exposed for a long period to the action 
of bilge-water. He showed a section of the bolt cut through, 
showing a core of the ordinary bright yellow colour of the 
Muntz metal. The part outside was of a definite coppery tinge. 
On magnifying this to a high power, about 400 diameters, just on 
the junction of the coppery outside with the brassy core, they 
obtained the structure shown. The true brass consisted of two parts 
of copper and one of zinc, which formed a definite alloy. If the 
metal was half copper and half zinc, they got a certain proportion 
of true brass which showed as a yellow background. They had also 
the excess of zinc in the form of another definite alloy. The 
outer yellow brass therefore contained a proportion of two-thirds 
of copper, and this dark constituent contained probably two- 
thirds zinc. Where, in juxtaposition, two constituents were so 
different in their chemical nature, they had naturally present a 
difference of potentiality, and when a dilute acid came into con- 
tact with such a structure, it would set up a galvanic action, by 
which one would be dissolved and the other would remain intact. 
The action of bilge-water on Muntz metal seemed to be that it 
started from the outside. Why the action should be so irregular 

6 
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he coiild not say. It might be determined by local circumstances. 
The bilge-water would contain, of course, salt, and it would probably 
be slightly acid. The result was that the true brass took the 
cathode position, and the high -zinc brass took the anode position, 
and dissolved out. That action would be clearly seen on inspecting 
the micro-section shown. The grains of the dark alloy were rich in 
zinc, and the other was the copper from which the whole of the zinc 
had been dissolved out. The copper was, of course, very spongy, 
and the whole of the mass was quite brittle. That was the 
section which gave them the clue which led to the discovery 
of the cause of the " Prodauo " explosion. One difficulty in that 
case was this, that the pipe exploded at a pressure of only 130 
pounds, whereas a piece of the same pipe — the unexploded portion — 
was tested by Messrs Kirkaldy, and it did not burst until a pressure 
of 190 pounds to the square inch had been recorded, and that was a 
feature of the occurrence which required a great deal of under- 
standing. However, the unexploded fellow pipe of the "Prodano" 
was examined, and the brazing of that pipe was in such a shock- 
ing condition, that they could almost knock it apart with a hand 
hammer. The whole of the brazing should have presented a 
sound, light appearance of brass, but instead of that it could 
be seen that an action very similar to that in the Muntz metal 
bolt had taken place ; as a matter of fact, the brazing consisted of 
isolated particles of sound brass, separated by lai'ge surrounding 
walls of brittle, spongy copper, with no strength in it, and in a few 
weeks this pipe also must have exploded. Taking the micro - 
section of the exploded pipe at the point of junction, and it 
was not abrupt as it appeared to the eye, the brazing was com- 
pletely gone ; at one part it was completely sound, and the network 
showed the insidious working of the galvanic action corroding it,, 
and sapping the strength of the brazing in an outward direction. 
It became necessary to find out how this galvanic action came about,, 
and it was discovered in rather a peculiar way ; but he did not want to 
weary them by going into that now. It had been proved conclusively 
that it was due to the presence in the main steam-pipe of fatty 
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acids acting electroly tically, and those acids must have got in during 
lubrication, and every drop of such acid oil used would bring those 
unfortunate engineers nearer to their death. He went carefully into 
the question of the deteriorated brazing, of which he had obtained 
a considerable quantity from the steam-pipe of another vessel. It 
looked coppery, but it was of a darker appearance than ordinary 
copper, and powdered quite easily by hand in the mortar, instead 
of being ductile, and capable of flattening out like sound brass, while 
the specific gravity had gone down enormously. The structure, 
moreover, was quite spongy. He showed a piece of the original 
brazing usually used in pipes of this class, where a background of 
true brass was obtained, and floating in it particles of the alloy rich 
in zinc. He further showed a micro-section of a piece of the brazing 
after deterioration. It consisted altogether of a mixture of spongy 
copper, oxide of zinc, and fatty acids, and the change brought about 
micrographically was very striking. He took this opportunity in 
closing his remarks of strongly advocating the necessity, in this 
country, for research, particularly in the science of metallurgy. In 
this matter, there was no doubt that the Germans were far ahead. 
When on the Clyde the other day, he had been speaking to a 
well-known engineer — he believed one of their vice-presidents — 
and he suggested _that he thought that the large engineering firms 
who had for a considerable period kept, so to speak, a staff of 
" dead heads," a staff not directly producing anything, but merely 
engaged on research, were now reaping the reward of their labour, 
and obtaining the cream of the engineering orders. He did not 
know how far such was the case,, but he hoped to a very large 
extent, because, there was no doubt, whatever, that, as far as 
Germany was concerned, it was reaping enormously as the result 
of the work of the larger research staffs which German firms had 
kept in the past. Unfortunately, in this country he was afraid that 
the work of the student who devoted himself to reseaich was not 
received very genially, at any rate, by the purely scientific societies ; 
but he must not be discouraged if his researches did not command 
at first the attention he considered they deserved. This he might 
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exemplify by the case of Dr Sorby, who^ after years of patient 
work, found his work ignored, and allowed to lie fallow for a 
quarter of a century before it received the world-wide recognition 
which it now had. To anyone engaged in research, especially to 
young men starting life, he could only commend those immortal 
words of Longfellow — "Learn to labour and to wait." 

Discusisian. 
Mr James Gilchrist (Member) observed that they Avere greatly 
indebted to Prof. Arnold for the very excellent lecture he had 
delivered and the various illustrations he had shown them. He 
thought they would all agree with him in his remarks on the 
greater attention that should be paid to the architecture of metals. 
In the matter of the " Prodano " explosion, he had the pleasure of 
looking into that matter, and he was very much interested and 
struck by the results of the corrosion of the brazing. Professor 
Arnold referred to fatty acids. He (Mr Gilchrist) did not know 
how far the fatty acids had to do with it. He thought that as 
copper was so very liable to change at different temperatures, it 
was subject to disappointments, and they would have to look to 
some other material for their steam pipes in view of the higher 
temperatures which would obtain in the future, as copper was 
untrustworthy. 

Mr James B. Mercer (Associate) remarked that the idea of the cor- 
rosion of the zinc was an old and well-known one. Professor Arnold 
stated that oil was found in the interstices of the solder, showing 
really that there had been oil as the source of the mischief of the 
fatty acids. He concluded that -this showed that the copper was 
a faulty material, but then it was scarcely fair to condemn the 
copper on account of the brazing joint. He would be sorry to let 
the remarks of the last speaker pass without attention. If enquirers 
would only consider the quality of the copper they were using, and 
not the question of a farthing per lb. on the price, that would be 
much more germane to the subject. 

Mr J. MOLLISON (Member) said, in regard to Professor Arnold's 
remarks on the bursting of a copper steam-pipe on boaixl the 
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8.S. " Prodano/' he, at an early stage of the investigation into that 
case, brought to the notice of Lloyd's Society the fact that some 
copper steam-pipes that came under his observation a number of 
years ago, and which had been stored in a coppersmith's Avorks on 
the rafters above the fires, were found, on examination, to have had 
the brazing of the joints completely wasted by the strong fumes 
from the fires. He would not, however, like to suggest that the 
fumes from an ordinary stokehold on board ship would affect 
the copper steam- pipes to any degree. He had no experience of 
deterioration by fatty acids, but he had tested steam- pi pes which 
had been in use for many years in connection with common 
condensing engines, where considerable quantities of fatty acids 
passed from the boilers, and found no signs of such deterioration. 
It would be a verj' uncomfortable future to have before them as 
Marine Engineers, considering that three-fourths at least of all the 
steamers afloat were still fitted with copper pipes, if the limited 
quantity of fatty acids which passed through steam-pipes were to 
have such a serious deteriorating effect upon them. No doubt the 
high pressures, and consequent high temperatures, now in vogue 
went a long way to reduce the strength of the copper — about 20 
per cent, at a temperature of 390° Fah. — and if coppersmiths were 
not exceedingly careful about the brazing material, and in the heating 
of the pipe in the operation of brazing, it might soon become 
deteriorated. 

Professor Arnold, in reply said, with regard to some of the 
remarks, it should be clearly understood that in the case of 
the " Prodano" pipe it was merely a question of deteriorated 
brazing, and had nothing to do with the quality of the copper or 
any alteration in that quality, as the copper itself bent double 
without any sign of distress. Also, although low pressure steam 
might not have any effect, high pressure steam might aid the 
decomposition. Even when fatty acids had been liberated they 
would require oxygen present to render them coloured and acrid, 
and thus capable of acting on the brazing. 

On the motion of the President, a vote of thanks was Avarmly 
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accorded Professor Arnold for his paper. The company then 
adjourned to luncheon, provided at the Cutler's Hall hy the 
Reception Committee, Sir Alexander Wilson, Bart., presiding. 

In the afternoon the Memhers of the Institution paid visits to the 
works of Messrs Charles Cammell & Co., Messrs John Brown & Co., 
and Messrs Walker & Hall. 



Institution Dinner. 

The Institution Dinner was held in the evening in the Cutlers' 
Hall. Mr George Eussell, President of the Institution, occupied the 
chair, and among others present were the Lord Mayor of Sheffield 
(Aid. G. Franklin), the Master Cutler (Sir Alex. Wilson, Bart.), Sir 
Wm. Arrol, M.P., Col. J. E. Bingham, Prof. Hardwick, Dr Hicks, 
Prof. Ripper, Prof. Arnold, Messrs E. Vickers, C. H. Bingham, B. 
A. Firth, H. H. Andrew, R. Colver, Frank Mappin, Charles Ellis, 
W. F. Osborn, Sydney Robinson, George Senior, W. F. Beardshaw, 
C. F. Wike, J. F. Moss, C. A. R. Jowitt, G. W. Hawksley, T. 
Wilkinson, C. H. Gilbert Hay, R. Heber Radford, J. Sutton, H. K. 
Peace, J. G. Lowvvood, J. E. Townsend, H. L. Howiden, John Ward, 
Andrew Patrick, A. S. Biggart, Henry A. Mavor, James Riley, 
Anderson Rodger, James Rowan, Prof. Archibald Barr, F. P. Purvis, 
John Thomson, Archibald Colville, and E. H. Parker. 

After the loyal toasts had been honoured^ 

Sir Wm. Arrol, M.P., proposed "The City of Sheffield." He 
alluded to the progress of the manufacture of steel in Sheffield 
during the last 40 years, and was glad to say that tool steel, which 
was now valued most, came in larger quantities from Sheffield to-day 
than ever before. There was no doubt that the steei trade had been 
the making of Sheffield from a very early period. He remembered 
the doubts and fears which prevailed when the Bessemer process 
was introduced, and the trials that Sir Henry Bessemer had to 
overcome. The result of that and other improvements was that 
enormous quantities of steel, of better quality, could now be 
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obtained at a lower price than formerly. One of his Sheffield 
experiences was a visit to Col. Vickers in connection with the supply 
of steel for the original Forth Bridge, which was a suspension bridge. 
The steel links were to be made in sixty-feet lengths, and Col. 
Vickers, who had the contract, was, with himself, interested in the 
material to be produced. The steel used in the present bridge was 
made by the Siemens-Martin process, and he had no idea that it 
would be such good material. None of it came from Sheffield — 
two-thirds of it was from the neighbourhood of Glasgow, and the 
other third from South Wales — but a great deal of the tool steel used 
was made in Sheffield. The steel trade had reached such a pitch of 
perfection nowadays, that nobody could say he got bad steel if he 
was willing to pay a reasonable price for it. Sheffield deserve<l 
credit for what she had done during the last half-century, and as she 
had sons who had done well for the city in the past, he was 5;ure 
there were still those who would do so in the time to come. Long 
might Sheffield's popularity and prosperity continue. 

The toast was enthusiastically honoured. 

The Loud Mayor, who was very cordially received on rising to 
reply, said there was to-day more and more amongst Sheffield 
manufacturers the determination to take care that the quality of 
their manufactures should be as good in the future as in the past, 
and that it should never be said that in the present generation the 
good name and high reputation of Sheffield, for honest manufacture, 
was allowed to suffer. Comparing Glasgow with Sheffield, he said 
the cities had increased uniformly during the last century, the 
population of each having grown ten-fold. The ancient charter of 
Glasgow had produced much benefit to the city. The citizens had 
taken OA'er property, and showed great foresight with regard to the 
navigation of the Clyde, street improvements, water- works, tramways, 
and the housing of the poor. He had noticed throughout all these 
manifestations of municipal activity that it had always been able to 
pay. That, he thought, was the Scotchman's characteristic. More 
than that, it was the characteristic of the business man, and there- 
fore, provided the return from municipal socialism was sufficient to 
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repay the outlay, even although the credit of the city might be 
staked, the result was satisfactory. But directly they departed 
from that principle, and had recourse to the rates and taxes in order 
to bolster up and maintain a favoured class of tenants at the 
expense of the general body of ratepayers, they created a state of 
things which in its very nature could not stand, and which the 
people of Glasgow had not been slow to see. They in Sheffield, 
who did not receive their charter until 1843, had been able to 
follow, though at a respectful distance, the many steps which had 
been taken by the citizens of Glasgow in providing for themselves 
all those things which were necessary to maximise the advantages 
of urban life, and to minimise its inconveniences. Whether they 
looked at their waterways, tramways, or street improvements, if 
they applied the test which the citizens of Glasgow had always 
applied, they would not be doing wrong. Sheffielders in past times 
had had an uphill battle. They had not had what in Glasgow was 
known as the " common good fund " to fall back upon. They had 
nothing but their own right arms and their own breeches pockets, 
and with those two weapons they had gone forth to provide them- 
selves, by joint eflfort, with all those necessities of civilisation which 
came upon them by reason of the crowded state of their population, 
and he thought that those who knew Sheffield to-day, and compared 
it with the Sheffield of a quarter of a century ago, had every reason 
to thank God that they lived in this year 1898. 

Col. J. E. Bingham, in proposing the toast of the evening, 
" The Institution of Engineers and Shipbuilders," said Sir William 
Arrol had spoken of the steel of Sheffield, and it was very apropos 
that on that occasion they should have met in that hall of the 
ancient Guild of Cutlers' of Sheffield and Hallamshire, and tested 
their steel. Yorkshiremen resembled Scotchmen in many of their 
characteristics, and borrowing an engineering term, he hoped that 
this visit might weld together many friendships, which, like 
Sheffield products, well made, would stand the test of time; 
especially seeing how the interests of Sheffield were in touch with 
the engineering and shipbuilding trades. He was pleased to find 
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that they had devoted so much time in endeavouring to diminish 
smoke, though he believed the great orders they had sent to 
Sheffield had much increased it here. He had little doubt some 
of them as engineers would discover a cheap and simple remedy 
for undue emission of smoke, for it was wonderfid how necessity 
became the mother of invention. On their menu card was displayed 
the likeness of James Watt, a Scotchman, bom at Greenock, of 
whom they were so proud. The dinner annually held in the 
memory of that great leader of their profession proved how they 
valued that power which he utilised — a power superior to the 
unassisted labour of many millions of men, which enabled them 
to fight commercial battles against nations with cheaper labour and 
less burdened by taxation. He coupled with the toast the name 
of the President of the Institution, Mr George Russell. 

The President, in response, said the Institution was inaugurated 
in 1857. Professor Eankine was elected the first President, and 
under his able guidance the Institution very quickly developed, and 
included in its membership all the leading engineers and ship- 
builders of the district. The object of the Institution was to 
promote the practice of engineering and shipbuilding by reading 
papers, by combining and harmonising theory and practice, as it 
was only by such combination that progress could be made. There 
was no standing still. The practice of the present was but the 
starting point for further improvements. He had just referred to 
Professor Rankine as the founder and first President, and he was 
glad that they had with them to-night their late President, Sir 
William Arrol. These two names of world-wide fame seemed to 
him to personify and embody the work and aims of this Institution. 
In the former they had the mathematician, the man of science, the 
theoretical engineer ; and in their last President they had the man 
of resource, the practical engineer, ready in overcoming all diffi- 
culties, and bringing works of the greatest magnitude to successful 
completion. One reason for visiting this city was that although its 
fame was world-wide, comparatively few members had been here 
before, so that they were on entirely new ground. Further,. 
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when they considered the intimate business connections which sub- 
sisted between Sheffield and the Clyde, and the admirable materials 
which Sheffield supplied, especially to the engineering and ship- 
building industries, they felt sure they would see much to interest 
and instruct them. 

The toast of " Our guests " was proposed by Professor Archibald 
Barr, D.Sc.,who said the members of the Institution had every reason 
to feel perfectly at home in Sheffield. Sheffield was undergoing the 
experience Glasgow had been subjected to in regard to its streets 
and its tramway system. It was fortunate for Glasgow that a 
large river did not run through Sheffield and give transport 
facilities to the sea; if it did the experience he bad gained of 
the enterprise of Sheffield people led him to believe that the 
shipbuilding of Glasgow would very soon be located in Sheffield. 

The Master Cutler, in responding, said they felt it a gi*eat 
compliment to be the guests of such an important body as the 
Institution of Engineers and Shipbuilders in Scotland. He hoped 
the visit would be agreeable in every respect, and that " the chiels 
amang ye takin' notes " would not go empty away, but would print 
it on their memories that the people of Sheffield had been highly 
pleased to welcome them. 

The toast of "The President," given by the Lord Mayor, was 
acknowledged, and the proceedings concluded by the company 
singing "Auld Lang Syne" with patriotic heartiness. 



On Thursday, June 16th, the members of the Institution, with 
their friends, assembled in the Cutlers' Hall, at 9.30 a.m., and 
divided themselves into parties in order to visit the following 
works : — The Norfolk Works of Messrs Thomas Firth & Sons, 
Limited ; the River Don Works of Messrs Vickers, Sons & Maxim, 
Limited; the Cutlery Works of Messrs Joseph Rodgers & Sons, 
Limited ; the Electro-Plating Works of Messrs Mappin and Webb ; 
the Clyde Steel and Iron Works of Messrs Samuel Osborn & Go, ; 
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and the Dannemora Steel Works of Messrs Seebohm & Dieckstahl. 

Luncheon, supplied by the Reception Committee and presided 
over by the Lord Mayor, having been partaken of, the visitors took 
special train to Worksop for a visit to Welbeck. 

In the evening the Lord Mayor and Lady Mayoress gave a recep- 
tion in the Town Hall on a scale quite in harmony with the lavish 
hospitality extended to the members of the Institution in other 
<lirection8. The guests, of whom there were nearly 1,000, were 
received by the Lord Mayor and Lady Mayoress in the Lord 
Mayor's parlour, which, with several of the rooms set apart for the 
company, as well as the Grand Staircase, had been specially decor- 
ated for the occasion. An admirable musical programme was gone 
through, and later the Lord Mayor sanctioned an informal dance 
programme. 



On Friday, June 17th, the visit came to au end with an excursion 
to Haddon Hall and Chatsworth. After spending a most enjoyable 
day in the inspection of those places the company repaired to 
Baslow Hydropathic, where dinner was served under the presidency 
of Mr George Russell. 

At the close of the dinner Mr John Ward proposed the health 
of '^ Sheffield friends " and said, he wanted them to believe that 
their Scotch visitors would go home with hearts very warm towards 
Sheffield, because of the generosity and hospitality that had been 
extended to them. 

Col. J. E. Bingham, who replied, said he hoped their visitors 
would go home and think as well of them then as they did at 
the present time. In the short interval they had been together 
friendships had been formed which would last for long, and he 
trusted before many years were over those friendships would be 
renewed. 

Mr James Gilchrist having proposed the "Secretary of the In- 
stitution," Mr Parker briefly replied. 

Mr James Rowan, the Convener of the Arrangements Com- 
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mittee, gracefully responded to the toast of his health, which was 
submitted by Mr John R. Richmond. 

The party then entered the brakes and reached Sheffield at 11 p.m. 



Throughout the meeting the members were favoured with 
exceptionally good weather. That, combined with the hospitality 
received, and the forethought displayed by the executive Com- 
mittees in their arrangements, rendered the meeting successful in 
every way. 



' FORTY-SECOND SESSION, 1898-99. 



INAUGURAL ADDRESS. 
By Mr George Russell. 



Delivered 25th Ociobei\ 1898, 



Gentlemen — 

At the opening meeting of last session, when 
I had the honour of addressing you briefly on the history and 
work of this Institution, I was able to announce that numerous 
papers of importance had been received or promised, and that we 
had the prospect of a prosperous session. This has been happily 
fulfilled. The papers were numerous and interesting, and led to 
animated discussions. Altogether the work of the session just 
closed has been of more than average magnitude, which is 
evidenced by the increased size of the volume lately issued, 
being the largest yet published by the Institution. 

The attendance at the meetings was well sustained throughout 
the session, indeed, on several occasions this hall was filled to its 
utmost capacity. 

The membership at the beginning of last session was 897, 
including all classes ; while at its close the number had increased 
to 1068. This is very satisfactory, but we have as usual to lament 
the loss of several of our number by death. Among these, there 
is one honorary member. Sir Henry Bessemer, of world wide fame ; 
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and one original member, Mr David Eowan, who took a most 
active part in the founding of the Institution, and in conducting^ 
its business for a very long period of years ; he acted as President 
for the two sessions, 1870-72. 

During the past session several meetings of Council were specially 
convened, at which careful consideration was given to the constitu- 
tio!i and rules of the Institution. Several alterations had been 
suggested by members, which were thoroughly discussed and 
weighed, with the result that practically no proposal of importance 
found sufficient support to warrant any interference with the 
constitution, or the existing regulations. Although no alterations 
were found necessary, the time was not considered wasted, for the 
generally received opinion was confirmed, that the rules of this 
Institution, as presently existing, had been framed with great 
ability and foresight, and could not be easily improved in any essen- 
tial points. Hence the proposed special meetings of the Institution, 
to which I referred last year, have not required to be convened. 

The outstanding feature of last session was the very successful 
meeting held in June at Sheffield. This was only the second 
meeting of this nature in the history of the Institution, the first 
having been held at Newcastle-on-Tyne, 26 years earlier, in 1872.. 
Those who went to Sheffield will, I am sure, always remember the 
kindly and hospitable welcome, and the admirable arrangements 
carried out by the local reception committee, headed by the 
Lord Mayor and the Master Cutler of that industrious and 
important city. 

Many of the most celebrated works were open, and special 
arrangements made to exhibit to our members the important 
operations in manufacturing special products, so that there was 
much to interest and instruct their visitors. 

By way of recreation, some of the l>est scenery in the neighbour- 
hood of Sheffield, and many of the historic buildings within easy 
distance, were visited — fortunately under the most favourable 
weather conditions. These excursions gave great pleasure to those 
members especially, who were accompanied by their lady friends. 
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This second summer meeting was a great success, and would justify 
the Institution in holding a similar meeting before many years 
elapse. 

Among engineering works in Scotland, lately completed, presently 
in progress, or projected, I may mention the Prince's Dock at Govan, 
and also the adjoining Dry Dock, known as the No. 3, which are 
the most important works yet completed by the Clyde Navigation 
Trust. The Prince's Dock, which was formally opened a year ago, 
has a total water area of 34*66 acres, and a quayage of 3764 yards, 
which, added to previously existing length of quays, brings up 
the total in the harbours of Glasgow to 8*36 miles. In 1862 the 
total length of quays was only 4376 yards, or rather less than 
2 J miles; so that the progress made is very remarkable in this 
comparatively short period of 36 years, and bears abundant 
testimony to the enterprise of the Trust. There are storage sheds 
Mith upper floors, in course of erection; and there is being 
provided a full equipment of steam and hydraulic cranes, and 
other appliances, for dealing with coal and general traffic. 

The No. 3 Graving Dock, lately completed, is immediately to the 
west of Prince's Dock, and of the following dimensions : — 



Length, 


■ • ■ 


880 ft. 


ins. 


Width at bottom. 


■ • • 


81 „ 


8 „ 


Width at top, 


• • • 


115 „ 


„ 


Width at entrance, 


• « • 


83 „ 


„ 


Depth of sill below high 


water, 


26 „ 


6 „ 



The contents are 14,000,000 gallons, which may be emptied in 
two hours. The travelling steam crane will lift 25 tons at a radius 
of 74 feet. 

This is at present the largest graving dock in the world, and is 
capable of docking the largest vessels afloat. 

But the graving dock, presently in progress, adjoining the Canada 
Dock at Liverpool, which will be completed next year, is somewhat 
larger. It will be 40 feet longer, 1 1 feet wider at the entrance, and 
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5 feet 6 inches deeper at the sill, the contents being 21,000,000 gallonB, 
which are to be discharged in 1| hours. The travelling hydraulic 
<2rane will be able to lift 40 tons at a radius of 78 feet. 

I may note here, relative to the subject of docks, that the largest 
floating dock yet built has recently been constructed on the Tyne, 
at Wallsend, by Messrs Swan & Hunter. The maximum lifting 
power is 12,000 tons, and it can raise a vessel of 11,000 tons 
displacement in 2 J hours. It is 510 feet long. 111 feet wide, and 
43 feet 7 inches high, and will accommodate a vessel 82 feet wide. 
It has been delivered at Stettin, to the well-known " Vulcan " 
Company of engineers and shipbuilders. 

The new Glasgow Bridge is fast approaching completion, and it is 
expected to be opened for traffic some time next year. As its 
foundations have been sunk to a depth of 70 feet, and as it is being 
built in the most substantial manner, it is likely to stand for many 
<jenturies. The bridge which it replaces was a comparatively modem 
structure, only 20 feet narrower than the new bridge, and designed 
by the celebrated engineer, Telford. Its foundation stone was laid 
on 3rd September, 1833, so that its life has been only about sixty 
years. Had it not been for the shallowness of its foundations, 
which had become insecure, owing to the deepening of the river, 
the bridge itself might have stood as long again, a monument to the 
genius of its designer. The first bridge on this site had a life also 
of only sixty years. Its foundation-stone was laid on 29th Sept., 
1769, and its foundations were 10 feet above Telford's bridge. 

A bridge is now being built across the Clyde by the Glasgow and 
South- Western Eailway Company, to replace the present bridge, 
which is only about twenty-eight years old. This is consequent on 
the scheme of providing four lines of rails between Shields Koad and 
St. Enoch stations, to cope with the increasing traffic. The new 
bridge will have three middle spans of 84 feet 6 inches, and two 
end spans of 73 feet. The total width is about 52 feet, being 
exactly double that of the present bridge. The foundations are to 
be sunk to a depth of 60 feet. The five spans will be in the form of 
a continuous girder, having the bottom members arched between 
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the piers. The lower section of the piers, up to the spring of 
arches, will be granite, and the upper portion of Dumfries red stone. 
There will be a tower at each end of the bridge, rising to 32 feet 
above the rail level. The piers and towers will be built in the 
baronial style of architecture. The frieze and parapet will be 
of ornamental cast iron work. This bridge, altogether, will be 
exceedingly elegant in appearance, and an ornament to the city, as 
all such structures should be. At no distant date, some form of 
high-level or moveable bridge will have to be erected farther down 
the river than Glasgow Bridge, to form a more satisfactory con- 
nection between the north and south divisions of the city than the 
present ferries and tunnel aiFord. 

In marine engineering, one of the most interesting developments 
is the application of a rotary form of compound steam-engine to the 
steamer " Turbinia," which has lately been built and experimented 
with on the Tyne. Her dimensions are 100 ft. x 9 ft., with a 
displacement of 44 J tons on a draught of 3 ft. She is fitted with 
three propelling motors, each having a shaft carrying three screws 
of 18 inches diameter, making nine propellers in all. At full speed, 
the engines run at 2200 revolutions per minute. The initial 
pressure of steam is 170 lbs. per square inch, expanded to 1 lb. 
before entering the condenser. The speed attained was 32J knots, 
which is far in excess of the speed of any other vessel, irrespective 
of size. That such a speed has been obtained by a vessel only 
100 feet long is very remarkable, and the Hon. Charles Parsons, 
the inventor, expects that 40 knots will easily be obtained with a 
200-feet. boat. 

The total freedom from vibration, owing to the absence of any 

reciprocating motion, is a great advantage for a passenger steamer, 

and, if the principle can be as economically applied to large vessels, 

it will, no doubt, come into extended use. The Turbinia Company 

are presently building two sets of these marine engines, each of 

10,000 horse power, and, when completed, their trials will be studied 

with great interest by marine engineers. The principle is similar to 

7 
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the very earliest form of rotating steam engine, which was invented 
2000 years ago. 

The water-tube form of boiler continues to make headway, and 
has now been fitted to many merchant steamers. In the British 
and many foreign navies it may be said to be universally adopted. 
All the chief designs were very fully discussed here during last 
session, and the merits and defects of the various plans critically 
examined. The disadvantages appear to be more than compensated 
by the advantages, in the opinion of our naval authorities. 

Among subjects deserving attention from marine engineers is the 
still frequent breakages in screw shafts. No part of a marine engine 
fails so often as the main shafting. The consequences of such 
accidents are always inconvenient and expensive, a!id generally 
very serious. There is, therefore, great inducement to discover a 
remedy ; yet among the many improvements adopted in other 
details, the shafts are as defective as ever. Whether this is due to 
the flexibility of the hull, or to some other cause, there is here an 
important field for investigation and improvement. 

Another form of disaster, which at intervals startles the public 
mind, and demonstrates the inefficiency of present arrangements for 
keeping afloat vessels which come into collision at sea, was illus- 
trated only a few months ago. A large transatlantic French 
steamer was almost instantaneously sunk, by being struck on her 
broadside by a sailing ship of very much smaller dimensions, which 
resulted in a very large sacrifice of human life. Such catastrophes 
should be impossible if vessels were securely divided into water- 
tight compartments, and the communicating doors properly 
designed and attended to. 

Turning now to locomotive engineering, our attention has lately 
been directed to record speeds in railway travelling on the main 
lines of the principal railway companies. Speeds have been main- 
tained in regular daily working, which are quite unprecedented. 
The Caledonian Railway Company at present holds the position of 
running the five quickest trains in the kingdom, the speed of the 
Aberdeen express between Forfar and Perth being at the rate of 
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over 59 miles per horn-. This is the fastest in the world, the next 
in speed is on the Northern Eailway of France, the run from Paris 
to Amiens, being at the rate of 57 '7 miles per hour. 

Locomotives and rolling stock are now built much heavier than 
formerly, requiring heavier permanent way, and more substantial 
bridges It may be interesting to compare the locomotives of the 
present day with those of a generation ago. In the early sixties, 
the most advanced type of express passenger locomotive on the 
Caledonian Eailway was designed by the late Benjamin Conner (an 
original member of this Institution) then locomotive superintendent. 
Its most prominent feature was the large diameter of its single pair 
of driving wheels, being 8 ft. 2 ins. Up till that time the driving 
wheels were gradually increased in each succeeding type ; but since 
then the tendency has been in the opposite direction. The most 
modem express locomotives, designed by Mr Mcintosh, have two 
pairs of driving wheels 6 ft. 6 ins. in diameter. Continuing the 
comparison of these two types — the cylinders have increased from 
17J ins. X 24 ins., to 19 ins. x 26 ins. ; the total heating surface 
from 1172 to 1500 square feet; the working pressure from 120 to 
175 lbs.; and the weight of the engine alone, in working order, from 
30J^ to 49 tons. The total weight of the modern engine and tender 
is 94 tons in working order, and its tractive force is 16,840 lbs. 

Locomotion on ordinary roads has been greatly in evidence for 
the last year or two. Numerous new types of traction engines and 
motors have been experimented with, and many are now in constant 
use all over the country, not only for the transport of goods, but 
also as public conveyances for passengers, and as private carriages. 
Much diversity of opinion exists as to the best form of motive 
power. Many are of opinion that steam will still hold its position 
against either oil or electricity, but further experience will no doubt 
assign each to its own sphere. Steam will probably continue to be 
used for the heaviest traffic in goods. 

It may be interesting to recall the facts that more than 60 years 
ago, steam carriages were constructed by Scott Russell, and were run 
regularly between Glasgow and Paisley, carrying passengers ; and, 
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to go further back, that the first run on a steam carriage carr3ring' 
passengers was made on Christmas Eve in 1801, by Richard 
Trevethick, the famous Cornish engineer (who introduced the non- 
condensing high pressure engine) so that motor carriages are not 
altogether a modern innovation. 

During the past few months preparations have been commenced 
in connection with the projected Glasgow Exhibition of 1901, A 
large guarantee fund has been subscribed, the building plans have 
been determined on, and as many members of the committees, and 
some of the principal officials, will be the same gentlemen who bore 
a part in making the exhibition of 10 years ago such a conspicuous 
success, there can be little doubt that with their experience, the 
coming exhibition will, in all respects, be worthy of the City of 
Glasgow. 

A series of great International Exhibitions have been held in 
Paris at intervals of eleven years, viz., in 1867, 1878, and 1889. 
The next one in 1900 will far surpass any exhibition which has yet 
been held. The Glasgow Exhibition will no doubt contain 
many exhibits from the Paris Exhibition, of great importance, that 
could not be expected to be prepared for Glasgow. The latter 
half of the niiieteenth century has witnessed the inception 
and development of IntmmtioTud exhibitions. Local or even 
national industrial exhibitions had been held before, particularly 
in France, so far back as the close of the last century. The 
first year of the half century (1851) saw the proposal of the 
late Prince Consort put into practice, of holding an exhibition of 
the products of the world in London. Through the genius of Sir 
Joseph Paxton, the Crystal Palace was erected in Hyde Park, and 
all nations were invited to contribute exhibits, and to visit the 
Exhibition. The nations generally responded to the invitation, and 
the opening ceremony was, perhaps, one of the most remarkable 
sights that had ever been seen in London. Representatives of all 
nations were there. Men from every clime and of every colour 
assembled to be instructed in arts, manufactures, and commerce. 
Eleven years later (1862) there was held the second and last of the 
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London International Exhibitions. Again the delegates from all 
parts of the world assembled in London to gain knowledge. These 
early exhibitions were taken very seriously, the prime object being 
instruction, not entertainment. But of late years, in exhibitions, 
one of their principal features has been amusement. 

The tendency of international exhibitions has been to spread 
knowledge — which was formeriy local or national — over the whole 
worid. Fifty years ago this country was far in advance of other 
countries in engineering, shipbuilding, and general manufactures. 
The exhibition of machinery in motion, showing processes of 
manufacture, enabled the foreign visitors to copy, and emulate 
them in their own countries, and then establish competing centres 
for supplying the markets of the world. 

The eftect commercially on this country of such exhibitions has 
thus not been beneficial, but the reverse. Knowledge, however, 
cannot be confined to any one locality or country in perpetuity. It 
is bound to spread ultimately over the whole world. But these 
exhibitions have greatly accelerated the process, and shortened by 
many years the period of this country's lead in engineering matters. 
By exhibiting all we knew foreigners were able to get the benefit of 
our experience, and save the long and tedious time of evolution. 

Fifty years ago the advantages of these exhibitions were very 
unequally divided, but at present they are more nearly balanced. 
The most advanced practice in engineering and shipbuilding is no 
longer confined to our country — for machinery of every class, as 
complete, eflicient and powerful, and steam vessels as large and 
speedy, are produced in America and on the Continent. Indeed it is 
very noteworthy that the three largest steamers of last year were 
built in Germany, and that at present that country has the honour 
of holding the " blue ribbon " for speed in Atlantic voyages. 

Glasgow is considered one of the chief centres of the world for the 
production of all kinds of iron pipes, yet within the last few weeks 
an American firm has contracted to deliver a considerable quantity 
of water-pipes for use in this city. Whether this circumstance is 
due to the local makers combining to keep up the price, or to the 
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Americans being willing to lose on the contract for the advertise- 
ment it gives them in foreign markets, I do not know, but merely 
note the fact as an illustration of international competition.* 

When the nations meet now in International Exhibitions, it 
is on nearly eqnal terms, and each is able to contribute its 
share, and can certainly learn something from the others. 
Even in the "Far East," Japan, we find that in late years great 
strides have been made in engineering and shipbuilding. Vessels of 
considerable size having been completed in many of the yards. 
Further, that an Institution of Naval Architects was founded in 
Tokio about a year ago, which has already a membership of 250, 
who are all either naval architects or marine engineers. The first 
volume has been issued, of 38 pages and 12 plates, printed partly in 
English and partly in Japanese. This year a meeting was held on 
Sunday, 1 7th July, in Tokio, at which several papers were read ; 
the first being On JVaier-Tvhe Boilers, so we may gather that that 
subject has as prominent a place in their transactions as it has in 
our own. 

The trade rivalry between nations has its counterpart in that 
between localities, or even more pronounced, between firms engaged 
in the same branch of business. Competition has now become so 
keen, that in tendering for contracts the prices must be based on 
being able to produce on the most economical scale. This can only 
be accomplished by giving so much special attention, that it is only 
possible to succeed, in engineering works of moderate size, by limiting 
the variety of work as much as possible. Fifty or sixty years ago 

* The much-talked-of water-pipe contract has come after all to Glasgow. 
A few weeks ago, it will be remembered, it was resolved by the Water 
Commissioners to accept the offer for 1000 tons of Messrs Wood, of 
Philadelphia, for the reason that Messrs Robert M'Laren & Co., of the 
Eglinton Foundry, had insisted on an advance in their terms because of 
the rise that had taken place in pig iron since the first tenders had been 
lodged. It appears that the American firm cannot guarantee delivery of 
the pipes, and at a meeting of the Committee it was agreed to give the 
contract to Messrs M*Laren, on their own amended iermB,— Glasgow ffercUd, 
iBt November, 1898. 
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in the leading works of Glasgow or Greenock, marine engines, loco- 
motives, stationary engines of all kinds, and millwright work, were 
all erected under the same roof. Now one of these branches is con- 
sidered quite sufficient for any one work; and where more are 
undertaken the works are generally on a very large scale, and each 
department is kept as distinct as if it were a separate concern. The 
modem tendency is to limit variety, for commercial reasons, 
especially in America, where there are many firms who will make 
only one size of a special machine tool. Manufacturing repetition 
work constantly in quantity allows every detail to be carefully 
considered, and every improvement adopted, with the object of 
increasing the efficiency, and diminishing the cost of production. 
The result is that the purchaser of a machine is able to obtain it at 
a fraction of the price it would cost if made along with general 
work. 

Engineers who have become noted for excellence of design or 
workmanship, who from experience and by careful study, keep on 
improving their products, are not infrequently copied by others who 
originate nothing. 

The objects of industrial exhibitions and of institutions like our 
own are similar; to interchange ideas, and to contribute and receive 
information. So long as the giving and getting are mutual, and 
approximately balance, each exhibitor or author may be satisfied ; 
but when the giving is not balanced by the getting, then the givers 
may justly complain. Those who exhibit their products or read 
papers, and so invite comparison and criticism, are worthy of all 
commendation ; but it should rest with the exhibitors or authors 
alone to fix how much they are willing to give away. Any attempt 
to obtain special information, or copy designs, without first obtaining 
the consent of the owner of the information or designs, deserves 
reprobation. 

The design of an efficient machine may be the result of many 
years of experience, careful study and calculation ; and may be even 
held of more value than the materials and workmanship of which 
that machine is composed. It should therefore be considered as 
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dishonest to copy the design without leave, as to steal the materials 
of which it is composed. Property in design or invention should be 
honourably respected, whether protected by patent or not. There 
are many, unfortunately, who do not scruple to appropriate designs, 
and who will even use very questionable means to attain their 
object. 

It does sometimes happen when tenders are invited for a special 
machine, and designs are asked to be sent with the tenders, that 
the best design is not the lowest in price, and the lowest in price is 
not the best. But the purchaser being anxious to have the best 
bargain, he is tempted to offer the contract to the lowest offerer 
if he will make the machine to the best design. 

Another not uncommon circumstance is, that a firm having 
purchased and used some special machine or appliance which has 
given every satisfaction, one or more similar are required ; but 
instead of ordering from the engineer who designed and supplied 
the pioneer machine, tenders are asked from persons for the 
number required, and opportunity given to copy the first machine. 
The persons, who by this arrangement obtain the design and data, 
which they could not originate, can well aftbrd to supply the 
machines at less than cost price. 

Yet another example of appropriation of designs may be 
mentioned, which is not unknown among boards, councils, or other 
public bodies. They require some special appliance, and entering 
into correspondence with some engineer, who is a well-known maker 
of what they want, ask all particulars, tender, and specification, 
perhaps also a drawing. The engineer, expecting to obtain the 
contract, gives them all they require ; but, after he has parted with 
Ms special information, instead of the order, he receives a 
circular letter that tenders are requested for the said appliance, to 
be constructed according to the printed specification enclosed, which 
he discovers to be virtually the same specification that he had 
submitted himself, and is perhaps even illustrated by a ** colourable'* 
imitation of his own drawing, He then discovers that he has been 
acting as consulting engineer gratis in the public interest, and indi- 
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rectly supplying information for the enlightenment of his trade rivals, 
who have been favoured with copies of the documents referred to. 

Many more typical examples of piracy might be cited, but these 
will suffice for illustrating how jpropei'ty in design is often appropriated, 
without the consent, and against the will, of the owner of this form 
of property. 

In pursuing still further this topic of property in design, I would 
like to say a few words relative to the production of designs, and 
the necessary calculations which are made in the drawing office. 
In some cases the designs originate principally with the proprietors, 
in others with the manager, and in many with the draughtsman. 
It is manifestly the interest of the proprietors to retain possession 
as fully as possible of the designs originated in their establishment, 
whoever the designer may be. This leads to the question ; What 
is the draughtsman's position in this respect ? He makes the 
drawings either to the instructions of his superiors, or on his own 
initiative, or partly both (which is perhaps the most usual way). 
If a machine is being designed of some new or improved type, it 
often happens that a great deal of time has to to be devoted to everj' 
detail, and many alternative methods considered. Drawings are 
made, which are immediately superseded by newer drawings as the 
design develops, and alterations and improvements are discovered, 
requiring, perhaps, intricate calculations to be many times repeated, 
v/hich altogether amounts to a considerable expenditure of time and 
money. This represents the cost of the design, whether the machine 
is successful or not. Its value depends on the success of the machine. 
If it fulfils the object for which it was designed, and if there is 
a demand for similar machines, the design is at once imitated. 
One of the stratagems of the imitator is to entice the draughts- 
man to his employment, in order that he may thus obtain the 
coveted design, and so be able to compete with the engineer or firm 
who originated or bore the expense of the design, and whose property 
it is. Has the imitator, by employing the draughtsman, any right 
to expect a repetition of the design ? Can the draughtsman 
honourably make a duplicate of the design ? To what extent the 
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design could be honestly reproduced, would depend entirely on the 
position of the draughtsman while the design was being originated. 
If he was merely following instructions in preparing the drawings, 
he has certainly no right to copy any part whatever, because the 
ideas were not his own. But if he alone was responsible for the 
design, being engaged as an expert, then he would be at liberty to 
scheme a sin^ilar machine for his new employer, although, if he acts 
honourably, it could not be an exact copy ; but, notwithstanding, it 
might be equally efficient, and in all probability improved. 

No draughtsman or employ^, under any circumstance, has any 
right to have in his own possession, without special permission, 
copies of drawings belonging to his employer. But the draughtsman 
who works intelligently will be observant of principles of con- 
struction, and try to understand the reasons for variation in design. 
He does not require notes or sketches of actual dimensions, but, 
understanding fundamental principles, he is competent to design, 
and does not require to copy. 

While urging the recognition of property in design^ and censuring 
those who are mere copyists, I do not mean to say that engineers 
are neither to look at nor consider the designs of other engineers. 
On the contrary it is absolutely necessary, to save the time of the 
progressiiHi engineer, that he should know what has been already 
accomplished ; not to copy, but to improve on what has been done 
by others. His object is, or ought to be, to excel in whatever 
department he has chosen, and to keep on improving, not contented 
with present achievements. 

If we are to maintain even our present position in engineering 
among the nations, we must fully recognise the competition we have 
to meet from all parts of the world. We should not be content to 
follow, but determine to remain among the leaders, the originators, 
and the improvers. 

To this end we require engineers able to design, as well as skiUed 
artizans to execute the designs with the very best workmanship. 
At the present time we see trade all over the world in an active 
condition. In shipbuilding, this is likely to be the record year for 
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tonnage launched, and altogether the prospects for a period of 
commercial activity appear good. But the time will inevitably 
come round again, when supply and power of production will be 
found in excess of the demand, and prices wilj decline. And the 
depression will be all the greater the higher the prices are raised 
now, because high prices afford an opportunity of competition 
being established in new centres and in other countries. 

The right policy, therefore, to pursue at present, is to keep down 
the cost of production as much as possible. But the tendency of 
recent legislation is in the opposite direction ; by laying on addi- 
tional liabilities and responsibilities on employers of labour. Besides, 
certain public bodies, as the London County Council, ostensibly in 
the interests of the employed, have lately sought to introduce 
conditions into contracts with engineers, of a most onerous and 
harassing nature, assuming a right to regulate the rate of wages to 
select and discharge foremen, and generally to interfere in the 
conduct and management of the contractor's works. All such 
conditions should be declined. 

The one regrettable reflection in connection with the present 
extraordinary activity in shipbuilding and marine engineering, is 
that so large a proportion of tonnage is represented by war vessels ; 
and that notwithstanding the overtures towards a permanent, uni- 
versal, international peace, emanating from St. Petersburg, the era 
of brotherhood among the nations yet appears so distant. 

But as the very national existence of this country depends on her 
navy, no expenditure can be deemed too great to maintain our first 
line of defence, so that absolute reliance can be placed in its ability 
to cope successfully with any possible combination of other powers* 
Preparedness is the best, and at present the only way of diminishing 
the chances of becoming involved in war. 

While resolutely maintaining constant readiness for any emergency 
and conscious of the national strength to defend the integrity of this 
great Empire, on which the sun never sets, still the hope must be 
universally cherished that such a dire calamity as a European war 
may be averted, and that our Gracious Sovereign may spend the 
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remaining period of her life, and ultimately close her long and 
prosperous reign, at peace with all nations. 

Sir William Arrol, LL.D., M.P., moved a vote of thanks to 
the President for the interesting address he had delivered. He 
said he wished to express his pleasure at the advancement the 
Institution had made during the past Session. The President, 
Secretary, and Council were entitled to their best thanks for the 
manner in which the affairs of the Institution had been conducted. 
He hoped that during the current Session the Institution would 
make further progress. 

The motion was unanimously adopted. 

The President said he was much obliged to the Members for 
the kind manner in which his remarks had been received. 
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In bringing forward this paper on feed-water filters, I feel that I am, 
to a certain extent, travelling over old ground, and consequently 
am inclined to think that the subject may not prove as interesting as 
it might have done, had it not been preceded by such admirable 
productions as the paper on the "Rapid Filtration of Feed- Water, "^ 
read by Mr Edmiston before the North East Coast Institution of 
Engineers and Shipbuilders, at Newcastle, in February, 1892, and 
the article on "Feed- Water Filters," contributed by Mr Nisbet 
Sinclair to Gassier' s Magazine, October, 1897. 

Mr Edmiston's paper, and the discussion which followed it, covers 
the whole of the ground very completely, as far as the principles of 
filtration of feed-water are concerned, and it is still up to date in 
every sense, except, of course, in the matter of ways and means 
Mr Edmiston's own filter has been so improved that it is now hardly 
recognisable, and, as Mr Sinclair has shown in his paper, the number 
of different designs has greatly increased, each possessing merit 
and claim for notice from engineers. 

There is no intention of treating this subject in chronological 
order, for there would obviously be no use in doing so. It is there- 
fore proposed to put before you such examples as seem to be the most 
important, and which I am advised are the most popular. 

There are other designs in existence, but it has not been possible 
to obtain any information regarding them. 

Prof. Lewis, in his paper on "Boiler Incrustations,"* and, later, in 
his paper on "Boiler Deposits,"t emphasized the necessity of using 

* Transactions of the Institution of Naval Architects, Vol. xxx. 
tTranaactionfl of the Institation of Naval Architects, Vol. xxxii. 
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some means of ridding the feed-water of the impurities known to be 
contained therein. Mr Sinclair Couper's paper, on " The Corrosion 
in Steam Boilers," • also points out the danger of permitting sub- 
stances to enter boilers, which, when they do get there, work 
considerable havoc. 

Mechanical filtration can only deal with matters in suspension, so 
there will be no pretence in this paper of dealing with those in 
solution. One may say with perfect truth, there is no need to do 
so, for by the great improvements in evaporators, which are really 
filters or separators dealing with matters in solution, no sulphate or 
carbonate of lime, or salt, need ever be found in a boiler. If the 
old-time bugbear of an engineer's life — boiler scale — has been done 
away with, there yet remain some substances to be dealt with, which 
can, and do, cause as much trouble. 

The copies of various certificates of analysis of cylinder, filter, 
and boiler deposits, as given in Mr Edmiston's paper, show what 
these substances are. Take one, for example — that of some filter 
deposit which was found to contain 60*7 per cent, of organic matter 
and moisture, and 39*3 per cent, of mineral matter. Of the former, 
37*8 per cent, was fatty acids, and 15*3 per cent, mineral oil ; of the 
latter, 2*35 per cent, was copper. This sample was obtained from a 
ship on board of which cylinder oil was used. 

In the three examples given by the writer during the discussion 
on Mr Sinclair Couper's paper, the proportions of oil and fatty 
matter are 29*5, H'G, and 18*4 per cent, respectively, and, of copper, 
ri5, 0'58, and 0*32 per cent. These three samples of filter sludge 
were taken from steamers where no cylinder oil was used. To 
simplify matters, it is proposed to deal only with oil and fatty acids 
in this paper, as there is apparently no information regarding the 
direct action of a number of other substances retained in feed-filters, 
together with the oil, etc.; and, as the writer is not a chemist, 
perhaps some of the members of the Institution may be able to say 
what their action would be. The substances referred to are zinc 
oxide, alumina, phosphoric acid, chlorine, magnesia, etc. 
* Transactions Inst, of Engineers and Shipbuildera in Scotland, Vol. XL. 
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It has been proved that oil, when deposited on the heating 
surfaces of a boiler, is one of the chief causes of loss of efficiency, 
collapse of furnaces, and straining and buckling of fire-box plates. 

No one, who has not had actual experience of the collapse of 
furnaces owing to oily deposits, can have any idea of the small 
quantity of oil necessary to cause collapse. Many have thrown 
doubt on the statement that collapse has been caused by oil, forget- 
ting that oil is not likely to remain on a plate probably red hot — or 
at least hot enough to char it — and yet retain its original condition. 

Forced draught has often been blamed for causing collapse ; but, 
given a properly designed boiler, and no oil or scale, no degree of 
forced draught will cause collapse. It must be admitted, however, 
that forced draught will hasten collapse where oil is present on the 
heating surfaces. Prof. Lewis, in his paper on " Boiler Deposits," 
after mentioning how a certain deposit would lead to over-heating, 
refers to the manner in which oil, etc., is burned away or distilled 
off, leaving an apparently harmless deposit. I am of opinion that, 
this explains in a great measure the absence of any appearance of 
oil in a boiler, which is believed by some to be an indication that no 
oil ever entered it. From time to time, portions of the oil are taken 
up and deposited here and there; these adhere to the heating 
surfaces, and here incipient overheating of a small part of one of 
the furnaces, and there a slight buckling of a fire-box plate, may 
result. Perhaps neither of these may be noticed till, in course of 
time, the furnace or furnaces are found to be seriously out of shape; 
for, if the roundness of a furnace is once destroyed, the defect 
accentuates itself under ordinary working conditions. 

Oil being lighter than water, one naturally thought that it would 
remain on the surface, but the following extract from Professor 
Lewis' paper will readily explain how it gets below the surface : — 

" Having thus entered the boiler, the minute globules of oil, if in 
a great quantity, coalesce to form an oily scum on the surface of the 
water, or, if present in smaller quantities, remain as separate drops, 
but show no tendency to sink, as, their specific gravity being 889, 
they are lighter than the water, and the difference in gravity is 
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probably even gi'eater at the temperature existing in the boiler. 
Slowly, however, they come in contact with small particles of 
calcic sulphate and other solids; separating from the water, and 
sticking to them, they gradually coat the particles with a covering 
of oil, which in time enables the particles to cling together or to the 
surfaces which they come in contact with. These solid particles of 
calcic sulphate, etc., are heavier than the water, and, as the oil 
becomes more and more loaded with them, a point is reached at 
which they have the same spocific gravity as the water, and then the 
particles rise and fall with the convection currents which are going 
on in the water, and stick to any surface with which they come in 
contact, in this way depositing themselves, not as in common boiler 
incrustations, when they are chiefly on the upper surfaces, but quite 
as much on the under side of the tubes as on the top." 

Fatty acids can, and do, cause a good deal of the corrosion found 
in steam boilers, and this is borne out by a comparison of the matter 
taken from the holes left by pitting in the tubes of a boiler, referred 
to by Mr Sinclair Couper in his paper, already alluded to, with that 
given by myself, of some filter sludge. The erratic action some- 
times observed in pitting, can be accounted for by the irregular 
deposit of fatty acids after they have been loaded and brought into 
circulation, as described in the above extract. They may be swept, 
by the currents existing in a boiler, against the shell, ends, fire-box 
sides, or the tubes ; and where they stick they leave their mark. 

Oil, if used at all — either directly in the engines or indirectly in 
swabbing piston- and valve-rods — should be purely mineral, and not 
mineral oil adulterated with vegetable or animal oils or fats. The 
latter, bedsides furnishing the fatty acids, are dangerous, from the 
property they possess of being converted into a state whereby they 
can entv.r into solution with the feed-water, and thus pass any filter 
made. Mineral oil does not possess this property in anything like 
so marked a degree, and can therefore be trapped on its way to the 
boiler. Filters have been condemned as useless because oils con- 
taining 5 to 20 per cent, of fatty matter have been used, the amount 
of grease found in the boilers after fairly long voyages being 
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consequently very great. In one case the use of pure mineral oil at 
once proved that the filter was not at fault. 

Although oil is now rarely used in the cylinders of steam engines, 
the amount which is sometimes found in the boilers and elsewhere 
is surprising. Feed-water filters have been fitted on board steamers 
of the tramp class, and, notwithstanding the fact that no oil was 
used in the steam cylinders, yet a very few days^ steaming showed 
that a distinct quantity of oil had been trapped by the filter. This 
oil had got into the engines during the swabbing of the piston and 
valve-rods. 

On vessels where there are a number of auxiliary engines, such as 
electric light engines, and engines driving refrigerating machines, 
ventilating fans, etc., the quantity of oil trapped becomes greater, 
the worst offenders in this class being engines of the closed-in type, 
where the cranks work in a bath of oil, a quantity being drawn into 
the cylinders through the glands. If the glands are allowed to get 
slack in the slightest degree, the evil is accentuated. 

Types of Filters. — The best-known feed-water filters are those of 
Harris, Edmiston, Alley & Maclellan, Rankin, Railton & Campbell, 
Kirkcaldy, Reeves, and Wotherspoon & Davie. All of these differ, 
more or less, the one from the other — some in the arrangement of 
the filtering medium, some in the kind of medium used, and some in 
other details of minor importance. Before describing them, something 
might be said as to the media used. It would be difficult indeed to 
mention a single fabric or substance of a seemingly suitable nature 
which has not been tried as a filtering medium. Silk plush, and 
various fabrics down to the homely cocoanut fibre door-mat, have 
been experimented with, as well as sawdust from all kinds of wood, 
both in its natural and in a roasted state, cork dust, charcoal, and 
coke. Of all these substances, I believe that coke was the first 
material used, for in 1884 my attention was drawn to an exceed- 
ingly primitive, but apparently effective, set of filters in use on board 
one of the passenger steamers running on the Loire between Nantes 
and St. Nazaire. These filters had to be fitted owing to the damage 
done to the water-tube boilers in use on that steamer by oily 
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and other deposits. The filters were formed by filling two large 
galvanised iron tanks with coke broken to about the size of road 
metal, the air-pump discharge being arranged so that either tank 
could be used, the feed-pumps, of course, drawing the water from 
the bottom after it had percolated through the coke. The idea of 
fitting the two tanks was that one could be cleaned without inter- 
rupting the filtering process. 

About this time — 1884 — a filter with coke and zinc shavings as 
media, was designed by a well-known Clyde firm, and fitted directly 
to the air-pump discharge, Fig. 1. In this type, like the early 
Harris filter, provision was made for the use of zinc to neutralize 
the action of any copper or brass that might be in the feed-water. 
Harris used spongy iron as well as zinc, and in one of his early 
specifications advocated the use of the former in preference to the 
latter. He also mentions the use of an electric current passed 
through the layer of spongy iron, to facilitate the deposition of 
copper during the working of the filter. 

Coke as a medium is too cumbersome for ordinar}'- use, and, 
unless properly weathered to remove all impurities, is apt to prove 
injurious. 

Woollen fabrics are not suitable at all, owing to their property of 
shrinking and becoming practically impervious to water unless under 
considerable pressure. 

Cotton materials rot too easily, and are readily destroyed by heat. 
Pure flax, properly woven and shnmk, is the only material, with 
the exception of jute, which can be said to have given completely 
satisfactorv results. 

The medium in all filters acts in the same way, the incoming 
water being divided into numberless small streams, which, passing 
through the minute passages in the medium, deposit on their way 
the grease contained in them. As grease has an afiinity for sub- 
stances of its own character, that already deposited causes more 
particles to adhere, so that the greasy debris arrested becomes a 
filter itself. In proof of this, it is found that, to slightly grease a 
set of clothes before placing them in a filter, causes them to arrest 
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grease much more rapidly than those which are put in dry and 
allowed to become saturated with water before they have time to 
collect a greasy film. 

The best mesh for a fabric used as a medium can only be deter- 
mined by actual experiment, and it should be of such a size as will 
permit of a sufficiently free passage for the water, yet at the same 
time be so small that it will do the maximum amount of work in 
clearing the water of its impurities. 

Area of Medium. — The area of filtering medium exposed to the 
action of the feed- water is a very important point, and should be 
arranged to suit each individual case. The amount and condition of 
the feed-water to be dealt with should also be considered. By 
"condition" is meant the quantity of oil the water carries, or may 
possibly carry with it. To make this clearer, the following instances 
may be taken : — A filter designed to suit an ordinary cargo boat 
having engines of, say, 2000 I.H.P., would not be suitable for a first- 
class vessel having a faster running engine of the same power, 
and perhaps several auxiliary engines fitted as well. Again, a 
filter fitted on board a passenger steamer making short runs of a 
duration of, say, 10 hours per day, would not be large enough for a 
long- voyage vessel of the same power. Nor would a filter which is 
perfectly efficient for a screw steamer be suitable for a paddle 
steamer of like power. 

K the quality and area of the medium employed in a filter are 
properly fixed, there should be no need for a double check, or double 
filtration, as in the case of the Harris compound type, Kirkcaldy, 
Admiralty pattern, and other filters. If the material is suitable, 
and the area it presents to the action of the water sufficient, then 
any excess is simply waste of space and good material, and, if the 
area is too small, then the dirt will be driven through the medium, 
and, in the case of the compound filter, will be found on the next 
layer. 

The position of the filter between the air-pump and the boiler is 
pretty nearly always determined by the particular circumstances of 
the case. In the simplest style of engine, where there are no 
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independent feed-pumps, it is usually placed between the main 
engine feed-pumps and the boilers, with sometimes the feed-donkey 
so arranged that it can pump through the filter, and prevent dirt 
getting into the boilers when pumping from the hot-well, or the con- 
denser, or from a dirty fresh-water river. In such cases the pressure 
in the filter is the same as, or slightly greater than, that in the 
boilers. Where independent feed-pumps are fitted, the] filter is 
usually placed between the main engine pumps and the special 
pump, the water being passed through it at a very low pressure. 
The Admiralty practice is, in most cases, to have two sets of 
independent feed-pumps, and none on the main engines, the water 
passing from the air-pump to a hot-well tank, from whence it is 
drawn by the first feed-pump and discharged through the filter into 
a feed-tank, which is a reservoir for the supply to the feed-pump 
power. Some deem it inadvisable to put the filter anywhere except 
between the feed-pump and the boiler, because of the possibility of 
some oil getting into the water from the glands of the pump, through 
which it has to pass, as in the last instance. 

The filters just referred to are styled delivery or pressure filters, 
and are the most numerous. 

Within the last few years, however, a demand has arisen for a 
•different class of filter ; viz., a low pressure, or what is termed by 
some, a suction side-filter. This is a development of the oldest 
form, as the old-fashioned coke box was a suction side as well as a 
gravitation filter in principle. In this latest type the area of medium 
is considerably greater, this being necessary owing to the fact that 
there is practically no head of water to overcome the resistance of 
the medium, the water being drawn through by the feed-pump. 

In an up-to-date steamer a feed-heater is a necessity, and the 
question naturally arises as to which side (inlet or outlet) of it the 
filter should be placed. Without doubt, the filter should be placed 
on the inlet side, and that for two reasons — (1), because, if the 
feed -water is first heated, the grease is of a more fluid nature, 
and is not so readily trapped ; and (2), because in the case of a 
pipe-heater the grease very quickly gathers on the tubes, and 
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reduces their efficiency, thus causing a consequent waste of steam. 

Space Occupied, — The space available is often very small, as in the 
case of men of-war, on board of which the filters are sometimes con- 
fined to the bilges, there being no other place to put them. For 
this reason, they should be designed with the greatest possible area 
in the least possible space. 

Accessibility. — Accessibility should be one of the foremost features 
in a filter, as there is very little time to spare in an engine room, 
the engineers often having as much as they can attend to without 
being troubled with a dirty filter, perhaps at a time when their 
attention is needed elsewhere. Some makers arrange the medium 
in such a way that it can be changed very quickly ; others provide 
cocks through which soda is introduced and the resultant filth blown 
out ; while others depend on the action of steam and the reversal of 
the current of water to quickly cleanse the medium. Soda is not 
very eftective, as it has very little, if any, effect on mineral oil, and 
it tends to rot the cloths, especially if any is allowed to remain 
inside the filter while lying in port. A good blow through with 
liv^e steam is about the surest and quickest way to get rid of accu- 
mulated dirt. 

Harris Filter, — The filtering medium in this filter, Fig. 1, is dis- 
posed in layers between discs of wire gauze, which in their turn are 
laid in suitable recesses in brass grids; the medium or cloth 
overlapping the outer and inner edges, so that, when they are 
compressed by the screw on top, a watertight joint is formed 
between them! 

In Fig. 2 the feed-water enters the filter by the valve A, fills the 
aunular space between the shell and grids, passes in through the 
ports shown in the periphery of each alternate grid, through the 
upper or lower layer of medium, and then into the central duct by 
the ports shown in the inside circumference of the grids. This 
central duct communicates with the outlet valve, B, and the main 
feed-pipe, c. 

When the medium becomes foul, a greater resistance is off*ered 
by it to the passage of the water ; consequently the pressure rises 
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gradually on the inlet side till it equals the load on the automatic 
bye-pass valve, D, which then lifts, and allows the water to pass direct 
to the feed-tank, second feed-pump, or boilers. The electric alarum 
and the automatic bye-pass valve are distinctive features in this filter. 
They are easily and quickly adjusted, and work admirably in 
practice ; the intention of the inventor being to provide a means of 
preventing the driving through the medium into the boilers of an 
accumulated mass of filth which may have been arrested by the filter. 

The cleaning of this filter is very easily performed. The inlet A 
is first shut, and the large sludge valve E (juickly opened. This 
causes a reversal of the current, so that it passes through the medium 
in exactly the opposite way to that by which it did under working 
conditions ; and, by so doing, the dirt deposited is rushed through 
the valve E into the bilges, or over the side. This cleaning by 
reversal of the current can be done without injunng the medium, as 
it is protected on both sides by wire gauze. Very little water is 
lost by cleaning in this way. A steam valve, F, is also fitted, so 
that the greasy matter can be softened and rendered more fluid, and 
consequently more easily removed. Two pressure gauges are fitted 
— one connected with the inlet, and the other with the outlet, side — 
so that the resistance due to the deposit can be readily ascertained. 

Figs. 3 and 4 show another type of the same filter, the bye-pass 
in this case being contained in the apparatus itself. This type is 
otherwise the same as the last, except that the flow of water is from 
the centre instead of to it. 

Fig. 5 is a comparatively new type, specially designed to suit 
cases where immense area, combined with very small weight and 
space occupied, are required. The weight of a pair of these filters, 
suitable for engines of 7000 indicated horse power, is only a little 
over 1000 lbs. The area of medium exposed to the action of the 
feed-water is over 18,000 square inches, while the space occupied^ 
taking the measurements over valves, is about 20 cubic feet. This 
economy in weight is obtained by using a special alloy composed 
largely of aluminium, the grids, valve-chests, covers, and hand- 
wheels being all made of this metal. 
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These Altera are rightly described as low-pressure ones, as the 
automatic bye-pass is adjusted to work at a resistance of 2 lbs. per 
stftiare inch. In one instance which came under the writer's observa- 
tion, the gauge on the outlet side showed a vacuum of 3 inches after 
the filters had been working some considerable time. Fig. 6 shows 
a plan of the grids and valves, the bottom of the ciise being the hot- 
well. The water flows into the filter through the valve a and under 
the valve B, which is an escape as well as a sludge valve. After 
passing through the pipe, the water enters the central duct, and is dis- 
tributed among the different layers of medium, the action in this 
case being the same as in the filter shown in Figs. 2 and 3, Fig. 7 
is reproduced from a photo of a pair of grids. 

Fig. 8 is a double or compound filt«i- of the Harris type. The 
chamber A is filled with sponge, through which the water passes 
before entering the secondary filter, where it is again filtered in the 
manner before mentioned. When dirty, the mass of sponge is com- 
pressed between the two grids, which are brought together by a 
screw, as shown, the sludge being forced out through tlio sludge 
valve ; a reversal of the current or a puff of steam helping the 
operation. The secondary filter is cleaned in the same way as in 
the case of Fig. 2. 

Figs. 9 and 10 show a compound filter arranged with the bye-pass 
and valves contained in the filter case. 

Fig, 11 represents the compound filters as fitted to the T.S.S. 
"Campania" and "Lucania," 

Fig. 12 illustrates the simple filter fitted to H..M.S. "Eclipse." 

Alky <£• M'Lellan FiU^.—Fig. 13 shows a filter of the Alley & 
M'Lellan type, known as "The Sentinel Miiltiplo Feed- Water Filter." 

The filtering mantles A are carried on perforated brass tubes B, 
which, mounted on a casing c, is free to awing round on a central 
spigot D. This casing can bo actuated by means of a central shaft 
d' passing through the cover, an ordinary spanner being used to 
turn the shaft. The mantles are so arranged that by turning the 
central shaft d' they ean be brought in succession under the opening 
E, on which the small oil dome f is placed, so that by taking this 
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dome off each mantle can be removed in turn and a new one put in 
its place. 

Bankin Filter. — Figs. 14 and 15 illustrate the Rankin filter, the 
general arrangement in both cases being somewhat similar to that 
shown in the Sentinel type. The filtering medium is of a similar 
nature to that used in the Harris filter. 

Railton and CamjMl Filter. — The Eailton and Campbell filter, as 
shown in Fig. IG, differs from the two last-mentioned, in that the 
cylinder, around which the medium is wound, is deeply corrugated. 

Kirkcaldy Filter. — Fig. 1 7 shows a Kirkcaldy filter, which consists 
of a cylindrical chamber wherein a series of dome-shaped gratings 
are disposed one inside the other, the water having to pass through 
the series. 

jrotlierspoon and Davie Filter. — Fig. 18 represents the Wotherspoon 
and Davie filter. In principle it is very like the early forms of 
the Edmiston and Harris filters, in which the water was forced 
through a number of layers of cloth, but in this instance an 
arrangement is provided whereby the medium can be compressed 
so as to squeeze out the grease collected by it. As there is no 
spring in the layers of fibre and cloth used in this filter, an elastic 
disc has to be fitted to secure the return of the grids and layers of 
medium to their proper position. 

The filter shown in Fig. 19 is a very simple apparatus, and to a 
certain extent differs completely from any of the others just 
mentioned, in so much as the medium is a mass of specialh' 
prepared sawdust. The water from the hot-well enters the chamber, 
and passing through the top cone penneates the sawdust and 
escapes through the bottom cone (which is lined with wire gauze 
to prevent the escape of the medium) to the outlet valve. A supply 
of hot water is taken from the water space of the boiler, for the 
purpose of blowing out the oil-laden sawdust when the filter requires 
cleaning. 

Fig. 20 illustrates a type of filter used in the British Navy. 
Each of the elements is composed of three layers of medium, and is 
held in position between perforated plates which slip into grooves 
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formed in the projecting east iron brackets, as shown. These layer 
are arranged so that one can be slipped out, and the cloth cleaned o 
changed, without disturbing the other two, the current of wate 
being diverted through the bye-pass during the process. This is ; 
low-pressure filter, and is placed between the hot-well feed-pump 
and the feed-tank. 

EdmitUm Filler. — The filter manufactured by the Glasgow Patent 
Co., under the Edmiston Patents, is illustrated by Fig. 21. In thi 
filter double filtration is provided for by placing one cylinde 
covered with medium inside another, a spigot at the bottor 
and a flange at the top keeping them in place. 

It will be noticed from the foregoing that the various types o 
filters may be separated into three ula.wes: the first when th 
medium is in layers one above the other ; the second where it i 
wrapped roimd cylinders, either plain or corrugated; and, the thir 
where the medium is a mass of some material which the maker ho 
found to be beat suited for his requirements. 

In conclusion, I desire to tender my thanks to the Glasgow 
Patents Co., the Harris Filter Co., Messi's Kirkcaldy, and th 
Eeoves Filter Co^ for the assistance thej' have given nie in puttin 
together information which, it is to be hoped, will prove of intero* 
to the members of this Institution. I wish also to acknowledp 
the great help received from the papers written bj' Professor Lewi: 
Mr J. B. Edmiston, and Mr Nisbet Sinclair, in preparing th 
communication . 

Corrc-fpcndence. 
Mr Nisbet Sinclair (Member)— For many years filters hai 
been used on board river and coast veaaels to clear the feed-wate 
taken from rivers, estuaries, and harbours, of sand, mud, an 
organic matter held in suspension. In 1874, the first big merchai 
ship provided with triple-expansion engines, and water*tube boile 
using fresh water, was fitted by Mr A. G. Kirk with a filter tan 
filled with gravel aud charcoal, to relieve the feed-water of some i 
its grease. In American ships, the adoption of a tank filled wit 
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hay, or a box with a series of vertical divisions, to trap the 
grease from the feed-water on its way from the hot-well to the 
feed-pumps was not a new feature. The ** Waas Extractor " was a 
development of that kind. Mr Shute's paper was both interesting 
and suggestive, as it raised a number of questions for discussion; 
many of which could be cleared up from the now considerable 
experience of the working of feed -water filters on board ship. In 
preparing his "Gassier" paper he (Mr Sinclair) set about the 
collection of information by submitting the following questions to 
filter-makers : — 

1. Analyses of feed- water before and after passing the filter. 

2. Analyses of the matter collected on the filtering medium. 

*•' Note." — In both cases the character of the medium, the 
time during which it was in use, and the speed of water 
through its surface should, if possible, be given. 

3. Description of the filtering medium you employ in your filters. 

4. How often should the filtering medium be changed) 

5. In your filter : How long does it take to change the filtering 

medium for small powers, say 1000 I.H.P. ; and for large 
sizes, say 10,000, 15,000, 20,000. and 30,000 l.H.P. ; or for 
the subdivisions of these large powers that may be in usef 

6. What position does the filter occupy in the feed system, that 

is — Is it placed on the suction from feed-tank; 

(a) or hot-well; 

( b) or on the discharge to the feed-heater ; 

(c) or on the boiler-pump suction from feed-heater; 
{(1) or on the boiler-pump discharge ; 

{e) or is it ever in your practice placed on the steam exhaust 
from the main engine or auxiliary engines to condenser? 

7. Which of these arrangements gives the greatest satisfaction) 

(a) as to convenience; 
{b) as to efficient filtration. 
^. For the various cases of (6): What is the pressure of feed or 
exhaust steam before and after passing the filtering medium f 
(a) When the medium is clean ; 
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(i) When the medium is as foul as it should be alioned to be T 
3. Do jrou find the iuterpoeition of your filter makes any difierence 
io the pulaatiooa in the feed-pipe. Does it increase or 
decrease irregularity of pressure during each stroke of the 
pump! How does it affect the steam pressure in the 
auxiliary exhaust- pipe, or the lower line of an engine 
indicator card 1 

10. For the various cases of (6): What area do you provide, or at 

what speed do you pass the feed-water through one stratum 
of filtering material 1 

11. Have you any plan of blowing through the filter so as to 
assist cleaning, or to avoid opening out t 

12. Do you use steam or an alkali; and ia which direction do you 

blow 1 Do you find either to be effective I If alkali ; How 
is it introduced 1 

13. Do you use a pot toj receive the blown-out dirt, and can that 

dirt be cleaned Out without opening up the filter-chest 1 

14. Do you find your filter affected differently in ships having 

salt water feed make-up, and in those having distillers to 
give fresh water for feed maks-up 1 

15. Do you modify the filter you make for fresh water to suit it 

for salt feed 1 If so : Haw 1 

16. Do you find that the matter filtered out in any of the cases 

above noted, or others, is of such a character that it injures 
the material of the filter- chest or its internal fittings, if 
these are made of cast iron, wrought iron, or wrought or 
cast steel 1 

17. Do you think from your experience that for any other reason 

than for that of lightness it is necessary to have braaa internal 
fittings 1 

18. In what condition have you found the boilers before and 

after the use of your filters in the two cases 1 
(a) When only fresh feed was used; 
{h) When salt auxiliary feed was used. 
The filter-makers, with much courtesy, took considerable pains 
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with their replies to the questions, and as these had been embodied 
as fully and fairly as possible in the " Cassier " paper, which wa? 
accessible to all, repetition would be redundant. At the same time 
there was great room for expanding the consideration of these 
questions, the further examination of one or two of which he 
felt particularly interested in. The outcome of his investigations 
of No. 16 question was; "That materials of which filters were 
constructed varied in the different services, cast iron shells and 
wrought iron or brass grids being used in the merchant marine 
service, where weight was not important, while wrought steel shells, 
or brass shells and brass grids, were used in ships of the Navy. 
With a view to lightness, Mr Anthony Harris had experimented 
with alloys of aluminium, some of which he had found to be about 
as strong as steel and of only one-third the weight of gun metal. 
Having tested their endurance in the oily feed-water, he was now 
fitting them on board torpedo-boat destroyers, where their lightness 
was a feature of much importance. If the oily deposit was arrested 
because it would damage the boiler when admitted to it, it seemed 
probable that the filter might require to be made of special material 
to resist the destructive action of its more concentrated and therefore 
more active contents. While, generally, filter-makers had not 
experienced appreciable deterioration in their filters, some observant 
engineers asserted that the deposit softened cast iron, and ate away 
the ends of wrought iron or steel grid tubes; that brass was least 
sensitive to the corrosive action of greasy deposit, and should alone 
be used for cases and fittings. To this conclusion it might be 
objected that a small quantity of cupric compounds from the brass 
filter might be more dangerous to the boiler than a much larger 
quantity of iron compounds, that it was better to sacrifice the filter 
than the boiler, and that therefore iron or steel alone should be 
used." He would particularly like to ask Mr Shute about the 
endurance of Mr Harris's aluminium grids, because on certain 
American Navy ships, aluminium non-return valves were fitted 
for lightness, but they corroded so very rapidly in the bilge- 
water that they had to be abandoned forthwith for brass. He did 
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not know, however, just what the composition of the American 
aluminium alloy was; very possibly it was not the same as Mr 
Harris employed. Superintending and inspecting engineers had 
been watching details of this kind so closely, that perhaps they 
might be able to throw some light on the corrosion that had taken 
place in filters. Another question which he would like to have seen 
discussed more fully in Mr Shute's paper was the area of filtering 
surface that should be provided for a given steam plant. The 
mode so much adopted of making the area a multiple of the area 
of the feed-pipe was so obviously crude, since the speed of feed- 
water through feed-pipes varied in different ships from 200 to 
1000 feet per minute, that it was almost superfluous to suggest 
to engineers that the area should be settled by the quantity of feed- 
water which passed through it, and by the speed per minute 
through the filter-cloth that was found to be eff*ective ; and further 
that the area coefficient should vary with the character of the 
plant, that was to say, with the amount of oil which would find its 
way into the feed- water. It did not appear difficult to determine 
that co-efficient, and so to fix filter areas, for all circumstances, in a 
fairly reasonable way. It was evident, as Mr Shute had pointed out^ 
that if the plant had a large number of auxiliary steam engines, the 
quantity of oil which would find its way into the feed-pipes would 
be much greater than in the case of a plant which had only one 
large engine, and so for the same filtering medium the co-efficient 
of area per lb. of water at an effective velocity would vary in the 
two cases. If the filter areas were determined by both users and 
makers od such a basis, the cost of filters for a given purpose 
would be determined by skill of design and manufacture, and any 
modifying question of lesser or greater area for the same purpose, 
at present provided by different makers, would be lopped off. It 
would be interesting to know what were the results of the experi- 
ments with coke and zinc shavings as filtering media, mentioned by 
Mr Shute. Was the zinc dissolved ? What was the resulting salt. 
was it found in the filter-box or in the boiler, and was it quite evi- 
dent that the effects were useful or not, before it was abandoned ? 
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tubes, and the expense and delay incurred by periodically drawing 
them to free them from grease, was well known to all who had 
had charge of surface condensing engines. The arrangement 
illustrated by Fig. 22 had been devised to separate the grease, as 
well as any dirt, which might pass through the cylinders with 
the steam into the exhaust-pipe, before entering the condenser. 
The spiral vanes, A, in the conical enlargement of the exhaust- 
pipe gave a centrifugal motion to the steam, by which the particles 
of oil and dirt were thrown against the sides of the pipe, and fell 
into the collector, B. From this they were drained into the 
filter, C, which retained all extraneous matter, and passed any 
condensed steam into the condenser in a pure condition. The 
vacuum in the condenser kept a constant suction through the filter, 
so that the grease in the collector could not accumulate and over- 
flow. The base of the cone in the exhaust pipe was larger than 
the pipe leading to the condenser, and when the engines were 
running **slow," or stopped, any oil on the cone or spirals did not 
go into the condenser, but into the collector. The exhaust steam 
from the steering and other auxiliary engines might be led into the 
exhaust-pipe above the separator, and the large amount of grease 
which such engines carried to the condenser and boilers would thereby 
be kept out. Any description of filter might be used with this 
separator. What had been actually used was simply a wire cage, 
over which a woven hood was drawn ; the water passed from the 
outer to the inner side of the cage. The filter shown in Fig. 23 
was fitted to the suction side of the feed-pumps ; and a considerable 
number of this type was already in use. As it was somewhat difierent 
from any Mr Shute had noticed, a word of description might not be 
out of place. It was charged with broken clinker or coke in pieces 
of about the size of beans. The cylindrical case which contained the 
material was divided into an inner and outer chamber. The water 
entered the outer part through perforations round the bottom, rose 
through the filtering medium, passed over the top of the dividing 
cylinder, down through the filtering medium in the central part, 
and escaped through the perforated bottom into the suction-pipe. 
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A rose was fitted over this pipe to prevent any extraneous matter 
falling into the suction while the filter was being cleaned. The 
case which contained the coke or clinker was held down by the cover, 
and was lifted out bodily when it required to be recharged. The 
long distance through the filtering medium which the water had to 
pass, in this arrangement, allowed the filter to be kept of moderate 
dimensions. The copper pipes shown round the filter case, which 
was frequently adopted with this filter, formed a feed-heater. The 
separator in the exhaust-pipe had been in practical use for over 
four years in the s.s. " Baron Huntly," which ran between Glasgow, 
Lisbon, and Huelva. The only oil used for the cylinders in that 
vessel was practically that for swabbing the rods, yet at the end 
of the ten or eleven steaming days in each voyage, a few handfuls 
of dirty grease was taken from the outer part of the filter, and 
the hood over the cage was found to be saturated with grease. 
No soda or other detergent had ever been used to clean the 
condenser tubes, nor had they been drawn, yet the vacuum could 
be easily maintained as high as on the vessel's trial trip. The 
boilers had been examined regularly, but no trace of grease had 
ever been detected. The indicator diagrams showed that no back 
pressure was caused by the vanes in the exhaust-pipe. That 
method of separating the oil, etc., had obvious advantages over 
the feed-water filter. It kept the condenser tubes as well as the 
boilers clean, and it kept air- and feed-pump valves free from 
grease. Owing to the small amount of water which passed through 
the filter connected with the separator, the filter would run a much 
longer time without changing and therefore required very little 
attention. 

Mr James Sy3IE (Member)— The s.s. "Propontis" was re-engined 
by Messrs Randolph Sc Elder in 1874, and at that time there was 
obtained for the filtei^ two bags of "No. 3 Animal Charcoal 
together weighing 5 cwts., and 2 cwts. of unburned Irish lime. 
(Jn looking through the books of the firm he noticed another 
interesting fact; riz.y the acquirement of "Hydro-carbon oil" from 
Messrs W. B. Dick Sz Co., for use in the cylinders. 

9 
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Mr £. Odagiri (Member) — Seven or eight years ago the Japanese 
Naval Authorities began to earnestly consider the question of fil- 
tering the condensed water before it again reached the boilers. 
Loofah, a material extensively used for domestic purposes, was 
finally adopted as a filtering medium, and was now employed on 
board the majority of Japanese war vessels. It was a light, 
fibrous substance, and was not expensive in Japan. It was also 
compact, and could be easily manipulated, on which point it 
was far better than auimal charcoal. The loofah was packed 
moderately thick, from 2 to 3 inches, on top of the feed-tank, 
where the delivery-pipe of the air-pump was led. As far as he 
kuew that was a good position for a filter of that kind, 
as there was no special arrangement required. Moreover, the 
loofah could easily be removed and washed during long voyages 
without interfering with the working of the main engine. He had 
served on board two or three vessels on which loofah was used 
as a filtering medium. After steaming for a fortnight, or a little 
more, it was taken out and treated with washing soda for the 
purpose of freeing it from oily matters, extracting dirt, etc., 
and it was again put into position. During the war between 
Japan and China loofah was generally used on board the large 
cruisers, and it gave great satisfaction in the engineers' department. 

Mr William Rigo (Associate) — Mr Shute had considered his 
subject solely in its relation to Marine practice. It would not 
have been out of place had he taken some notice of the circum- 
stance that, Marine engineers differed considerably in their views 
as to the use of oil as a piston lubricant There were many well 
known engineers of eminent standing who discouraged the use 
of oil, preferring to rely on the moisture due to condensation of the 
steam within the cylinder as a lubricant. Recently he had occasion 
to be on board one of the largest steamers in the China trade, and 
was told by one of the staff that the chief engineer was of that 
opinon, and that they did not consume more than 3 gallons of oil 
on the run from Singapore to Glasgow Harbour. Their boilers 
were consequently, practically speaking, always clean. Assuming 
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that to be correct, the question arose ; Was it therefore necessary 
to use the feed-water filters at all in this up-to-date practice t Mr 
Crockatt had called attention to an arrangement intended to extract 
the oil from the exhaust steam on its w&y from the low-pressure 
cylinder to the condenser. It did not matter where the oil was 
arrested provided it was kept out of the boilers. In support of that 
he took the liberty of giving the following case: — About ten 
years ago a factory owner went in lor the use of high pressure 
steam generated in water-tube boilers, which served a triple- 
expansion engine plant Jast twelve months after the start the 
tubes in the boilers were found to be badly burned, especially those 
nearest the fire; and to remedy the evil, a method of arresting the 
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oil between the condenser and the hot-well was introduced. Since 
then no tubes had been burned, and the point be wished to draw 
attention to was that, about three weeks after the introduction of 
the method, flakes of grease began to appear among the black oil- 
extracted from the feed-water, showing by their curved formation 
that they had been carried by the water of condensation from the 
condenser tubes. It should be noted that at least 60 or 70 per cent, 
of the engines employed on land were built on the horizontal 
principle, and therefore lubrication by the moisture of steam was 
impracticable, consequently oil as a lubricant was invariably used. 



132 FEKD-WATER FILTERS. 

Mr William Rigg. 

In most cases there were ample supplies of water both for steam 
generation and for steam condensation, therefore the need for oil- 
arresting appliances was not much felt ; and, except in certain in- 
stances, the appliances recommended by Mr Shute were inapplicable, 
being too costly. There were districts, however, such as Glasgow, 
Dundee, and other centres, where it was necessary to use methods of 
arresting oil to obtain the best economy. Recently a firm of manu- 
facturers possessed a 60 H.P. boiler of the Lancashire type and a 
horizontal engine with single cylinder and jet condenser ; the feed- 
water was pumped into the boiler from the hot- well, because of scarcity 
of water. As difficulties were experienced due to oil coatinp^ the 
heating surfaces, especially over the furnace crowns, he advised the 
use of a " MacDougall Oil Separator" (Fig. 24). The apparatus was 
placed between the feed-pump and a "Green's Economiser," and there 
suitably connected to the feed-pipe. The result was that the boiler, 
which carried a pressure of 50 lbs. per square inch, began to show, 
about five or six weeks after the apparatus was installed, considerable 
leakage around the furnace front, especially from the rivet heads 
holding the furnace ring to the front, and to the furnace tube. The 
leakage became so considerable that the firm got alarmed and wished 
to have the appliance removed. He explained that the trouble 
complained of was due to the fact that there had been little oil 
passing into the boiler since the application of the separator, and the 
already existing oil coating on the heating surface and round the 
rivet heads (which were not tight) was wearing off, and that these 
particular joints and rivets should be dealt with by a boiler-maker. 
That was done and the trouble ended. The oil found between the 
fillet arrangement, provided in the apparatus for filtering purposes, 
was in a glutinous condition, thick, black, and dirty. He had applied 
this apparatus in some cases on the suction side and sometimes on 
the delivery side of the pump, with equal effect. 

Mr Anthony Harris — The following particulars with respect 
to land boilers, and the analyses of water, for which he was indebted to 
Mr J. Stead, Middlesbrough, might be of interest in the discussion 
on feed-water filters. The reservoir water which formed the feed- 
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supply, ou being analysed, 


was found to 


contain the following 


elements : — 


Water taken from 
Reeervoir. 

Per Gallon. 


Water taken from 
Boiler after six 
weeks working. 
Per Gallon. 


Carbonate of lime, etc. 


... 1*40 grs. 




0-98 grs. 


Sulphate of lime 


.. 3-40 „ 




38-93 „ 


Sulphate of magnesia 


... 5-04 „ 




0-90 „ 


Sulphate of soda 


... 6-93 „ 




586-70 „ 


Sodium chloride 


... 3-97 „ 




128-72 „ 



20-74 



9> 



756-23 



ti 



After six weeks steaming, an analysis of the boiler water was taken. 
The engines were not surface condensing, and as part of the steam 
was used in heating dyes and not returned to the boiler, the im- 
purities contained in the feed-water accumulated, and became 
concentrated. A comparison of the following analyses of the boiler 
deposits with those already given enabled one to trace, to a certain 
extent, what became of the original impurities contained in the 
feed-water : — 

Hard Scale. Soft Deposit. 

aK.QAo/ i K««entially as \ s)(\.i\(\o/ S Essentially as 
.> l^U/oj siUphate. j^^'^^/oj carbonate. 

r As carbonate and 

. 8-68% 

. 0-30% 

, 0-90% ... 0-80% 

. 5-40% ... 7-80% 

. 32-69% ... 2-23% 



Lime 

Magnesia ... 

Alumina ... 

Peroxide of iron 

Silica 

Sulphuric acid 

Carbonic a<;id 

Combined water 

Carbonaceous 

matter 



33-19%j 

0-50% 



hydrate of 
magnesia. 



16-05% 



34-70% 



99-92% ... 99-72% 

The fluctuations in the above analyses of water taken from the reservoir 
and from the boilers after six weeks working were remarkable. They 
were partly accounted for by the varying propensity to precipita- 
tion which the various ingredients were subject to when heated 
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above the boiling point, and therefore the hard scale and soft deposit 
resulting therefrom, viewed in connection with what remained in 
boiler water, were of interest. The carbonates of lime and magnesia 
which had so largely disappeared in the boiler water reappeared as 
such in the soft deposit. The sulphates of lime and magnesia re- 
appeared as magnesia and sulphate of lime in the hard deposit, and as 
carbonate and hydrate in the soft deposit — the sulphate of lime to 
an astonishing extent. The sulphate of soda and sodium -chloride 
remained in the concentrated boiler water, the ratio of concentra- 
tion being respectively 84*6 times and 32*4 times the amount in 
the feed. Now, why did these rates of concentration vary when 
they were not accounted for in the hard and soft deposits? The 
total concentration of the whole impurities in the boiler water 
worked out at an average of 36*4 times, but the number of times 
the whole contents of the boiler had been evaporated was 135*5. 
Looking for a moment at the total amount of impurities ; the 
feed from the reservoir contained 20*74 grains per gallon. The 
quantity of water evaporated by that boiler was given as 730 
gallons per hour, or during the six weeks 630,720 gallons, which, 
multiplied by the grains per gallon, made the total impurities 
1868*73 lbs. The concentrated water contained 496 lbs., leaving 
1372-73 to be accounted for in the scale and soft deposit. Of this, 
when it was collected and put together, there could not have been 
more than '2 cwts., so that 1148 lbs. was unaccounted for, and 
that seemed to have passed off with the steam in finely divided 
particles. In this he was confirmed hy the fact that one of the 
troubles at those w^orks was, that some matter passing over with 
the steam affected the colours of the dyes in the vats, which were 
heated with steam from the range of boilers, of which this was one; 
and it was noticeable that wherever there was a leaky steam-pipe 
joint everything in the neighbourhood was whitened. That being 
against accepted opinion as to impurities passing off in such large 
quantities with steam, especially with such highly soluble sub- 
stances, it seemed wise to test it by an analysis of the steam itself^ 
and that was done at a subsequent date. As it might have been 
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put forward that the impurities were carried over by priming of the 
boilers, care was taken to procure the steam for analysis from 
the furthest point possible from the main stop-valve, and it was 
therefore taken from a cock high up in the steam space of the 
boiler end plate. The steam was condensed in a coil immersed in 
water, and on analysis it was found to contain impurities to the 
extent of 10 grains per gallon, the whole being soluble solids. 
The boiler it was taken from was another of the same range of 
boilers as that which had been blown down, but had not been so 
long at work. The analysis of its water showed that the concen- 
trated impurities only amounted to 331 grains per gallon; but, it 
seemed worthy of notice that, while the total impurity passing in 
with the feed was (provided that the feed from the reservoir contained 
the same amount of impurity as on the previous occasion) 20*74 
grains per gallon, 10 grains were passing with the steam from the 
concentrated water. However, as there had been a heavy rain- 
fall during the latter experiment, while in the former a dry season 
had prevailed, there would probably be a difference in the amount of 
impurity in the reservoir water. The concentration of impurities 
in the boiler runuing six weeks, up to 756 grains per gallon, was by 
no means excessive. At one of the large Government factories 
there was a battery of boilers which was blown out every fortnight, 
by which time the impurities reached as high as 1,500 grains per 
gallon. In both of those cases the greater part of the impurities, 
which were deposited on the surfaces, might have been suppressed 
bv treatment of the water before it entered the boilers. It was 
interesting to note the varying facilities the different ingredients 
appeared to have for passing over with the steam. The advantages 
of filtration were not confined to the removal of the impurities of 
the feed in the ordinary acceptation of the term. For instance, in 
the case of a feed-pump bucket, or chamber cutting, or even through 
a gland screwed down slightly to one side, the particles were carried 
straight into the boiler unless there was a filter to arrest them, and 
in five minutes, mischief might be caused sufficient to ruin the finest 
and most carefully made boiler in existence. He believed the time 
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would come when filters would be fitted between all pumps and the 
boilers, no matter how pure, apparently, the feed-water appeared to 
be, whether surface condensing or fed direct from a pure source. 



Discussion, 

The discussion on this paper took place on 20th December, 1898. 

Mr F. J. Rowan (Member) said the communications read by the 
Secretary from Mr Syme and Mr Nisbet Sinclair, had to some 
extent forestalled some remarks which he had intended to make 
on the historical part of Mr Shute's paper. Those communications 
bore witness that a feed-water filter formed part of the equipment 
of the s.s. "Propontis" in ISTi, although Mr Shute gave 1884 as 
the probable date of the first introduction of filters on board 
steamships. Mr Sinclair's remarks, however, left it to be inferred 
that the introduction of the filter in the " Propontis " was the first 
instance of its use, and was due to Mr Kirk, but that was a mistake. 
In October, 1874, he (Mr Rowan) addressed a letter to the Editor 
of "Engineering" (which was published in that paper at that date) 
on the subject of corrosion in boilers, in which letter the following 
observations occurred : — ** Corrosion of the boilers was one of the 
principal causes of the failure of the early examples of the compound 
engines and boilers on Rowan and Horton's plan, commencing with 
the s s. ** Thetis" in 1858, whose boilers suffered from this action 
after a few years' work. This naturally led to much attention 
being devoted to this subject, and as these boilers were of the 
sectional or water-tube class, working at a steam pressure of 120 lbs. 
per square inch, and using nothing but fresh water supplied by 
condensation when at sea, they offered oppportunities for the 
observation of all the corrosive forces acting in circumstances the 
most favourable for them. When I tell you that six sets of these 
marine boilers worked for from eight to ten years at their original 
pressure of 120 lbs. per square inch without repairs being necessary, 
you will readily understand that means were at length adopted 
which practically overcame in these boilers the corrosive action 
which had proved so disastrous in many of their predecessors and 
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contemporaries. The means used for the preservation of the boiler 
were simple. First, all the water discharged by the air-pump wa 
passed through a filter— a chamber in the feed-tank filled with sani 
or charcoal — and this arrested all grease and all metallic particle 
on their way from the engines to the boilers. Then, pieces of zin 
were inserted at various parts of the boilera, and as acids have 
greater affinity for zinc than for iron, the fatty acids expended thei 
energy in the formation of salts of zinc, and the iron escaped 
whilst the zinc plates corroded away. I believe these precaution 
were accompanied by the occasiouHl use of lime, a little of whici 
was put into the feed-tank, but this was not of grout importance ii 
the case of these boilers, as they had an op|>ortunity of replenishinj 
their supply of fresh water pretty frequently in port, their voyag 
not being of long duration. Lately I had an opportunity, durin] 
a voyage of the s.s. "Propontis" which is fitted with our boiler 
working at 150 lbs. pressure per square inch, of observing thi 
working of these plans, which in her case are continuing to ac 
satisfactorily. In the ''Propontis" pieces of limestone along wit) 
the zinc were put into all the oliarabei-s of the boilers eontaininj 
water, but on the suggestion of Mr A. C. Kiik we have discon 
tinued using the limestone in those chambers immediately over thi 
fires. .... The filter in her case is filled with the ordinary 
bone charcoal used in sugar-refining, and the evidences of greasi 
and particles of metal (brass and copper) arrested by it have beei 
abundant. I have examined frequently the black groaso takei 
from the exterior of the filter and found it full of small metallii 
particles." The facts recorded in that latter carried the introduc 
tion of feed-filters on hoard ship back to about 18112. In thosi 
early days the filter was merely a compartment in the feed-tank 
because, instead of the admission of air being considered deleterious 
many engineers (including Mr Kirk) advised that all the distiUec 
water (i.e. the water resulting from the steam condensed in thi 
sur&ce condensers) should be aerated, as it was supposed thai 
repeated boiling gave the water some corrosive qualities. It wai 
not until 1876 that he (Mr Kowan) first pointed out that the ail 
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(or oxygen and carbonic acid) held in suspension by, or dissolved 
in, water was the principal agent in the corrosion in boilers, and 
probably the interesting forms of filters illustrated by Mr Shute 
were the outcome of those early ideas, developed on the lines of the 
careful exclusion of all matters likely to injure the boilers. While 
he appreciated the interesting and useful character of Mr Shute's 
paper, he was afraid that there was some little confusion in the part 
dealing with the chemistry of corrosion, and in the references to 
Prof. Lewes' paper. In the extract from Prof. Lewes' paper, 
quoted by Mr Shute, the presence of some solid matter, such as 
calcic sulphate or something else, in the water was necessary for the 
action described, by which a deposit of oil could take place on 
the boiler surfaces. But if evaporators were used on board ship, 
and precipitators (such as Prof. Lewes himself proposed) were 
employed for water containing salts of lime or magnesia, along 
with filters, it was hard to see how such solids could be there. 
Mr Shute applied Prof. Lewes' description to the deposit of fatty 
acids, but in the case dealt with in Prof. Lewes' paper there was 
nothing used but valvoline, a pure mineral oil lubricant, which 
necessarily contained no fatty acid, being almost pure hydrocarbon. 
Further down Mr Shute spoke of fatty acids "entering into solution 
with the water," but both oleic and stearic acids were insoluble in 
water, so that such action as he referred to could not take place. 
Besides, if fatty acids could be dissolved in water, then the action 
described by Prof. Lewes could not take place in their case. If 
nothing but mineral oil were used for the engines, no grease or 
fatty acids could reach the boiler. The temperature of the boiler — 
especially where high pressures were used, as at present — must not 
be forgotten, and this had a great influence on the question of the 
proper position for the filter. All the fatty acids, and many of 
the hydrocarbons, were readily volatilised, and existed as vapour 
at such temperatures as belonged to the pressures in use. Even 
valvoline, which did not fully volatilise till 371** Cent, or 699" Fah., 
had been found by Prof. Lewes to pass over with steam in a semi- 
volatilised condition — making the steam greasy, as he termed it — 
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at 120" Cent, or 248° Fah.; a temperature corresponding to a pressure 
of under 30 lbs. per square inch. That was very much lower than 
the pressures in use, and hence the difficulty of having efficient 
filters on the boiler side of the feed-pump and feed-heater. It 
was difficult to see how a filter placed where suggested in Mr 
Crockatt's drawing (Fig. 22) could efficiently arrest oily matter, as in 
presence of uncondensed steam, oil would pass along with the steam. 
The filter should be beyond the condenser, where it could deal with 
the substances other than water, which were carried by the water. 
There were other substances besides grease or oil to be considered, 
and perhaps Mr Shute had confined his view too exclusively to the 
latter, because many land boilers had to use natural waters 
containing muddy particles, besides minerals, which should be 
precipitated and removed by filtration. 

Mr James Mollison (Member) said he was always pleased to 
see some means adopted whereby oil or greasy matter might be 
arrested, on its passage from the cylinders, before reaching the 
boilers, where it might become deposited on the furnaces or other 
surfaces exposed to flame, and cause damage through buckling 
or collapse. A number of cases of collapse had come under his 
notice. 

Mr Sinclair Couper (Member) observed that Mr Shute referred 
to two actions of oils on the internal surfaces of a boiler. There 
were oils which became decomposed by heat, and the acids thus 
produced acted corrosively on the materials of the boiler ; and there 
were other oils which were not decomposed by heat, but which 
might settle down on the heating surface and create intense 
overheating, leading to collapse of the furnaces. If any method 
could be adopted whereby these various oils or greasy substances 
could be prevented from entering the boiler, it ought to be 
welcomed by all engineers. He supposed that there was no 
up-to-date specification for steam-ship machinery in which feed- 
water filters were not now specified, and it was interesting to note 
that even in land installations they were now recognised as useful 
adjuncts. He thought it was an important point to observe that. 
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feed- water filters should not be placed either where there was a 
high temperature or great pressure, because the oils instead of 
remaining in a glutinous form became more fluid and were more 
easily forced through the meshes of the filtering medium, so that 
the filter became to a great extent of little value. He thought 
that now-a-days every one was paying more attention to the 
treatment which boilers should get; formerly, they were allowed 
to become receptacles for everything that might find a way into 
them, and little consideration was given to whether they suffered 
or not thereby. Every means that was introduced to procure 
clean water, should be welcomed. 

Mr JoHX Thom (Member) considered that when ships were 
properly fitted with filters a great many other conveniences, w^hich 
Mr Shute might have mentioned in his paper, were brought about 
through them. Whenever he was able to do so he fitted a filter and 
evaporator; there was then no necessity for surface or bottom blow- 
off cocks on the ship or on the boilers. Mr Shute considered that 
"in an up-to-diitc steamer a feed-heater was a necessity." He had 
lately been on board some steamers of recent construction, simply 
to witness their arrangements, and he thought that the owners 
would have been very much upset if they had been told their 
steamers were not up to date. Anything like a feed-heater was 
entirely absent, but it was possible to heat the feed-water to 
200" Fall, and have the ship running aa economically as with a 
feed-heater. He had examined Mr Crockatt's very ingenious 
filter arrangement on board a steamer, and on putting his hand 
into the main exhaust-pipe found it quite clean on the inside, 
although the outside was covered with oil and grease. One 
drawback, however, was the absence of power to force the water 
through the filter ; in fact, where the filter was placed there was 
only the height of water from B to C. If he had to fit such a filter 
he would place it near the bottom and take a greater height of 
water. If Mr Crockatt could overcome that difficulty he thought 
the filter would be well worth adopting. 

Mr James Weir (Member) said he knew from experience that 
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feed-water filters were always of groat service, and in many 
instances a necessity ; but he was afraid some engineers were 
atili under the impression that a feed -filter acted in a difi"crent 
maimer from an ordinary water filter. The ordinary water filter 
stopped the solid matter and allowed the water to pass throiigh it, 
and the feed-water filter stopped the oil and allowed the water 
to pass. Some years ago he made invent igatinns and found that 
water dissolved oils to some extent, and that the quantity of oil 
which passed through the engine was so infinitcsimally small, 
compared with the quantity of water, that the water was eapable 
of carrying all the oil in solution. If there were nothing but oil 
in the feed-water, the filtering material would simply stop as much 
oil as the feed-water could not wash out of it. But the feed-water 
of a surface - condensing engine contained many finely divided 
solids, such as iron, copper, and other substances which constituted 
the ilirl. Oil had a great affinity for this dirt and stuck to it. 
The feed-water filter now dealt with this undesirable mixture and 
kept it out of boilers, allowing nothing but clean water with a little 
oil in solution to pass into them. As far a5 his observations and 
expeiiciice went, he had never found any l)ad cli'cets from the presence 
of a little oil, except when it was assO[:iated with dirt of some sort. 
Regarding the best position to place the filter, that depended on 
circumstances, but he was certain that the worst place was on the 
suction-pipe to the feed-pumps. 

Professor W. H. AV ATKINSON (Member) remarked that another 
method of getting rid of the oil from feed-water had been tried, which 
might be of interest to mention; viz., by means of a centrifugal 
separator somewhat similar to a cream eepjirator. That method 
was proUibly too expensive for ordinary purposes, on account of 
the large quantity of water to be dealt with, moreover, it could 
never take out the whole of the oil, as a portion of it formed an 
emulsion with the water. 

Tlie discussion on this paper was resumed on 24th Jannarj', If 9?. 

Mr KOBEUT T. Napier (Member) said that Mr Nisbet Sinclair. 
in his interesting communication and in his paper in Vumei's 



142 FEED -WATER FILTERS. 

Mr Robert T. Napier. 

Magazine^ introduced the matter of speed of flow through the filter. 
The only example in the paper under discussion which permitted 
of calculation on that point, was that of the filter with 18,000 square 
inches of surface, designed for engines of 7000 l.H.P. ; and, on the 
Assumption of 14 lbs. of feed-water per i.H P. per hour, the speed 
of flow worked out to about 2^ inches per minute. That seemed 
small compared with some speeds given by Mr Sinclair — up to 14 feet 
per minute in one case — but, on the other hand, it was greatly in 
excess of the speed possible when filtering water for domestic supply. 
The wide diversity of practice in the matter of speed of flow, 
coupled with the fairly uniform success that attended most of the 
filters in the market, pointed to the fact that, a very moderate 
amount of purification of the feed-water was sufficient for ordinary 
marine boilers. 

Mr A. E. Shute, in reply, said that some of Mr Nisbet Sinclair's 
questions, propounded when compiling his ^^Cassier" paper, were 
perhaps not answered very fully ; he would, therefore, endeavour to 
add something to the information then received. With regard to 
the first question, he was not aware that any analyses had been 
made of the feed-water after passing the filter, but rough tests had 
shown that when the filter had been properly attended to, no oil 
could be traced in the feed. Analyses taken of the water from the 
boiler were very misleading, unless they were made in conjunction 
with analyses of the boiler deposits. As to question 4, filter-cloths 
did not require to be changed very often in a filter w^here the area of 
medium was properly apportioned, and where an efficient means of 
cleaning, without opening up, was provided. Instances could be given 
of filters which had run for three months with one set of cloths, 
and, when removed, they were found to be quite good, although 
very dirty, in spite of the fact that the filter had been sludged out 
at least once per day. Concerning question 7, he believed the 
pressure filter fitted between the first feed-pump and the heater 
gave the best results, and was more under command than when 
fitted elsewhere. He had, however, had actual experience with 
filters placed between the second feed-pump and the boiler, and the 
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results obtained were very satisfactory, notwithstanding the fact 
that the filters were under full boiler pressure. When fitted in that 
position, considerable care had to be taken that the area of medium 
was large enough to prevent sudden increases in resistance by 
the deposition of dirt, otherwise there was a risk of the whole, 
both medium and dirt, being driven into the boiler. This had 
actually taken place in more than one instance. The aluminium 
^ds used by Mr Harris had, so far, pro\ed satisfactory. Many 
experiments were made before the right alloy was found. Generally 
speaking, no complaints had been made regarding corrosion in 
filters. He was afraid Mr Sinclair's ideas regarding a common basis 
for determining the area of filtering medium were impossible of 
attainment. No two engineers thought alike on the subject ; one 
considered J sq. inch per i.H.P. sufficient, while another would not 
be content with less than 1^ sq. inches per i.H.P. Inquiry had been 
made as to the results obtained in the working of the filter, illus- 
trated in Fig. 1 ; but, strange to say, nothing was known about it 
beyond the fact that it was repeated in another job some time after. 
Evidently, it must have been deemed a success. Mr Croekatt's 
arrangement was novel in its application. In course of time, how- 
ever, the condenser tubes would become coated with grease, as the 
extractor could not take it all up. The efficiency of the filter 
attached to this arrangement was necessarily impaired by making 
it a heater as well. Filters should be worked at as low a tempera- 
ture as possible. Mr Syme's communication showed that the value 
of a pure mineral oil was recognised long before its use became 
compulsory. If steam users of to-day would take the same care in 
providing themselves with a really good and suitable oil for use in 
steam cylinders, as was evidently taken in the case mentioned by 
Mr Syme, a good deal of trouble would be avoided. Mr Rowan 
misunderstood the writer's meaning in regard to the date, 1884. It 
was merely suggested that filters became known to the writer at 
that time. He purposely avoided the chronological aspect, in order 
to avoid getting into difficulties with dates and sequences. Oxygen 
and carbonic acid caused some of the corrosion in boilers, but 
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by far the most was due to particles of copper, brass, the acids 

formed by these metals, or fatty acids. Seeing that he recommended 

the use of pure mineral oils to do away with fatty acids, he did not 

see how Mr Rowan could infer that he said fatty acids had their 

source in mineral oil. Calcic sulphate was one of the commonest 

substances to be found in boilers, as nine out of ten of the sources of 

water supply here and abroad contained it. Even supposing no 

calcic sulphate existed, there was always plenty of dirt, which, when 

put into circulation in a boiler, would act in the way as described by 

Prof. Lewis. If fatty acids were so easily vaporised, as .Mr Rowan 

said they were : How did it happen that they were actually found at 

work in all parts of a boiler ? If mineral oil, too, were so volatile, 

it would not be found spread over the entire surface of the interior 

of a boiler — tubes, stays, fire-boxes, and, to a minor extent, the 

furnaces, all being covered evenly with the deposit. Not long ago 

he examined some boilers and found them as described, and, 

on samples of the deposits being submitted to Mr J. Bradburn 

Dodds for analvsis, thev were found to contain the followinar 

matters : — 

No. 1. No. 2, 

Cupric oxide, ... ... 4*37 ... ... 2%50 

Ferrous „ ... ... 7*.*31 ... ... 4*30 

Calcic „ ... ... 5*14 ... ... 0*94 

Magnesic,, ... ... 7*90 ... ... 4*50 

Zinc „ ... ... 6'25 (and metallic zinc) 51 '20 

Calcic sulphate, ... ... 7 "36 ... ... 3*11 

Oily matter in chemical comO o.n /»^ c f\t\ 
buiation with above oxides, ) 

Free oil mechanically mixed \ .jq.'^h o^.-a 
through deposit, J 



Total, 99-30 Total 100-05 

In column No. 1, the deposit was taken from around the tubes well 
down in the boiler, and, in No. 2, from the boiler bottom. The oil 
was also analysed, and was found to be a purely mineral one. These 
analyses surely proved that Prof. Lewis was correct. He confessed 
that an error had been made in stating that fatty acids entered into 
solution with the feed- water. What he had intended to say was 
that the animal and vegetable oils or fats entered into solution with 
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the feed, and were converted into fatty acids in the boiler. Mr 
Couper caught the meaning intended to be conveyed, and he was 
glad to hear him emphasise the statement made regarding tempera* 
ture. As to the pressure, filtration could be carried on at 200 lbs. 
pressure as well as at 20 lbs., if only the proper precautions were 
taken. Mr Weir had described in a very few words the position 
with regard to dirt and oil. If the "little oil" could be had without 
the dirt, or vice versa, things would go well for a time, but it was 
the two together which caused the trouble. The "loofah" men- 
tioned by Mr E. Odagiri appeared to be a very useful material, and 
should command some attention from filter-makers. If the subject 
had been treated as Mr Kigg suggested, it might, he was afraid, 
have proved an interminable one. The conditions were so diflferent 
on shore to those afloat that the shore filter really demanded separate 
treatment. If three gallons of oil were used in the case mentioned 
by Mr Rigg: Where did the oil disappear? The answer to this was 
a very simple one. If Mr Eigg had gathered the apparently dry 
powder to be found deposited in the boiler, and submitted it to 
analysis, he would easily have detected marked traces of oil. There 
were ships making the same voyage as the one mentioned by Mr 
Kigg, fitted with filters, and using about the same quantity of oil, 
but it was trapped in the filters, as actual results had shown.. The 
fact that grease had such an affinity for grease was the reason why 
the conditions of the filtration of feed -water were different to those 
in domestic water supply filters. The wide diversity of practice 
referred to by Mr Napier was really the fault of the engineer. 
The filter mentioned by him was designed to fulfil certain conditions ; 
viz., to run the maximum length of time with the minimum of 
resistance and attention. Mr Harris* remarks were so interesting, 
and opened up such a new line of argument, that it was impossible 
to go into them in detail. He could corroborate the statement as 
to steam carrying over some of the solids introduced into the boiler 
with the feed supply. 

On the motion of the President, a vote of thanks was awarded 
Mr Shute for his paper. 
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To the public generally, the cost and mode of charging for any 
commodity is the main point. The machinery used in generating 
electricity, and the means adopted for its distribution, may be costly 
and complex, and the different systems may occasion wrangles and 
discussions among engineers ; yet these things are as nothing to the 
public compared with the correctness of the meter, and the reason- 
ableness of the charge. 

To the engineer, there is no greater source of worry and annoyance 
than the meter ; upon it, all the disputes between supply and con- 
sumption arise and hang, and by it all have to be settled. It will, 
therefore, be easily seen that, of all the plant and mechanism 
required for the proper supply of electric energy, or in fact energy 
from any source, no part is more important than the meter. 

The work of a supply meter is to measure the different and ever 
changing quantities in demand by the consumer, and is expressed 
in Board of Trade Units. This unit of energy has been so called, 
-for want of a better name ; an attempt was made some years ago to 
call it a ** Kelvin,'' but it was not successful, and until some unlooked 
for event happens, or some leading scientist dies, when his name 
may be appropriated, the unit will continue to be called a Board of 
Trade Unit 

A Board of Trade Unit is the integration of C V dt. 

When C is current in Amperes ; V, pressure in Volts ; and dt^ a 
small difference of time in hours. 

One Board of Trade Unit =r f ,2 C V d/ = 1000. 



it^|;«c 



? CV dtjia called an energy meter, and the means used to accom- 
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In general practice, as from a central supply station, when the 
pressnre is a constant factor, while the record Is expressed in !3oard 

of Trade Units, the duty of the meter is simply I ,< C if, that is, 
it integrates the varying currents, and the time during which thea« 
different currents extend ; such an instrument is called a Coulomt 
meter. A meter, however, whose function is to find the value ol 

I^ 

plish this measurement are very varied. In examining the different 
meters, one can arrange them in four classes : — 

1. Electrolytic Meters. 

2. Motor 

3. Clockwork ,, 
i. Intermitt«nt „ 

Edison Meter. — In the first class we have pre-eminently Edison' 
meter. The original meter, shown in the Paris Exhibition of 1881 
was composed of two cells, each containing a copper pliite, and int 
which were hung copper plates in a solution of capper snlphatc 
These latter plates were suspended from each end of a balance 
beam. When the current was in one direction, its action was t 
increase one nuspended plate and lighten the other, until the beai 
tipped over and registered one unit. When the beam tipped, it nt 
only registered but also changed the direction of the cun-ent, thi 
causing the reverse action to take place, the heavier plate was parti 
dissolved and the lighter increased in weight. This action went a 
continually. Though there is no more accurate measurement < 
current than the deposition of copper by electrolysis, yet this meti 
was soon abandoned. As only a portion of the current used paasf 
through the meter, the continual changes of resistance, due to ten 
perature, made it inaccurate, and the constant reversal of the curroi 
was detrimental. Edison's second meter was also electrolytic. ] 
it zinc plates immersed in a zinc sulphate were used, and the eneq 
pixssed through the meter was ascertained by taking out the plat 
and weighing them, the increase of weight being proportional 
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the current and time, the pressure being assumed. A very vital 
objection to this meter is the certainty of a large crop of complaints, 
seeing that the plates have to be taken out and weighed; no 
mechanical registration being possible. 

Lowrie Hall Meter, — There is also the Lowrie Hall meter for 
alternating currents, which also depends on the difference of weight 
in the plate to determine the quantity consumed, and over twenty 
patents have been taken out for electrolytic meters, in which the 
plates are either weighed from time to time, or the measure of the 
gas liberated is proportional to energy consumed. 

Bastian Meter. — Of the latter, perhaps the most interesting is the 
meter lately brought forward by Mr Bastian. This meter is parti- 
cularly applicable to the measurement of small currents. It depends 
entirely on the electrolysis of water. At the foot of a long tube, 
filled with water, are placed two platinum plates, and as the current 
passes between these plates, a certain amount of gas proportional to 
the current is liberated and escapes. Alongside the tube is a scale 
graduate' in Board of Trade Units with the zero at the top, the 
meter is iilled up to zero, and a thin layer of oil is placed on the top 
to prevent evaporation. As the gases escape, due to the electrolytic 
action of the current, the level of the water gradually falls, and the 
scale, which indicates the quantity used, is read like a thermometer, 
at the level of the water. The two principal advantages of this 
meter are, low cost, and capability of indicating very small currents, 
such as one lamp at a high voltage. It has not been tried for any 
length of time, and it therefore remains to be seen whether the 
electrodes or platinum plates within the water will stand, and 
whether the refilling of the water-tubes will not entail much expense 
and attention, also whether the oil floating on the top of the water 
will not occasion trouble by coating the inside of the tube as the 
water falls. A small amount of sulphuric acid is put into the water 
to keep it from freezing. 

Ferranti Meter. — Of all motor meters, perhaps Mr Ferranti's 
deserves first attention. Not only is it in very extensive use at the 
present day, but it is one of the oldest meters, Mr Ferranti having 
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begun his first experiments in connection with it as far back as 1883. 
It is a Coulomb meter, and has been much more successful for direct 
currents than for alternating currents. The construction of this 
meter is exceedingly simple. It consists of an insulated mercury 
bath placed between the poles of an electro-magnet ; the current to 
be measured passes through the main coil, thus energising the 
magnet, then through the mercury bath, entering at the centre and 
leaving at the periphery, and in so doing the mercury revolves. In 
this connection, Mr Ferranti says; "In order to get the rotation of 
the mercury proportional to the amount of current passed, a satis- 
factory retardation has to be provided for the mercury, otherwise it 
would run away and give an incorrect registration. To accomplish 
this, the insulation covering the pole-pieces and forming the mercury 
bath is serrated with a row of radial grooves, which gives the 
necessary retardation to obtain proportionality of rotation." Within 
the mercury bath, for the purpose of conveying the motion of 
the mercury to the recording dials, a fan is partly immersed 
in the mercury. This fan is so constructed as to record 
accurately the rotation of the mercury, and yet offers very little 
attraction to the side of the bath. It consists of two blades of 
aluminium and two blades of platinum. Great care has to be used 
in the weights of the fan and the spindle, so that no weight is on 
the jewel, on which it rests, when the meter is at work. The 
calibration of the meter is carried out on the back dials ; to cali- 
brate on the front dials not only means time, but also a considerable 
amount of current. It is, therefore, much easier and cheaper 
to count the rotation of the fan spindle, which, with all currents, 
should be proportional to the amount passing, to within 2 per cent. 
ffookham Meier. — The Hookham meter is also a Coulomb meter, 
and while, to some extent, resembling Ferranti's meter, it differs 
from it in many points. The armature in Ferranti's meter is a bath 
of mercury which revolves between the poles of an electro-magnet ; 
Hookham's has a copper armature revolving underneath the pole 
pieces of a permanent steel magnet. To guide the lines of force 
through the armature, an iron bridge piece is placed underneath the 
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armature, which compels the lines of force to pass from one end of 
the magnet, down through the armature, across the iron bridge, and 
up through the armature to the other pole piece of the permanent 
magnet. The cavity in which the armature is placed is filled with 
mercury, for the purpose of conducting the current from one con- 
ductor to the other, across the armature. The two conductors are 
led into the mercury bath at either side of the meter. That the 
revolutions of the meter may be proportional to the power, a 
brake-disc is fitted on the same spindle as the armature. This 
disc consists of a thin circular copper plate, which revolves between 
pole pieces attached to the main permanent magnet, the eddy 
currents in the copper plate acting as a brake. These eddy currents, 
or as they are sometimes called Foucault currents, are exactly 
proportional to the speed, and thus the retardation is proportional 
to the speed, seeing the eddy currents are multiplied by the field 
which is constant,' therefore the revolutions of the armature are a 
true indication of the power. As in the Ferranti meter, the revolu- 
tions of the armature are conveyed to the recording dial by means of 
a worm gear on the end of the armature spindle. 

Elihu Thomaon Meter, — Another meter that has been extensively 
use'^ *n America is the Elihu Thomson meter. This meter is an 
energy ^eter, that is to say, as I pointed out at the first, it takes 
notice of the pressure. The field in which the armature revolves 
consists of two coils of thick wire, which carries the main current ; 
these are either connected in series, as in the case of a two-wire 
distribution, or they may be connected up separately, one on either 
side of a three-wire distribution. The armature consists of very 
fine wire, wound on the drum principle, and mounted on a vertical 
spindle, the current in the armature being due to the pressure across 
the mains. On the same spindle, underneath the armature, and 
revolving between permanent magnets, is a copper disc, which acts 
as brake-disc similar to that described in the Hookham meter. The 
current is conveyed to the armature by means of a silver commu- 
tator and brushes, with silver contact pieces. To my mind, this 
is its weak point, as constant attention is required to keep the 
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commutator clean aad free from sparking; any sparking in tl 
commutator at once upnets the accuracy of the meter. This meb 
can be used with either direct or alternating currents. 

Shtdlmberger Meter. — This meter is entirely for use with altematir 
currents. It is a Coulomb meter, the action being very similar to 
two-phase motor. Within two coils, whose magnetic axes encloi 
an angle of about 45 deg., a thin iron disc is mounted on a vertic 
Bpiudle, the larger and outer of the two coila carries the mai 
current, and induces a current in the smaller coil. The two curren 
t<^ther produce a rotary magnetic field by which the iron disc 
revolved. Retarding force is obtained by friction between the a 
and an aluminium fan attached to the bottom of the spindle. Tl 
revolutions of the disc are recorded in the usual way, by a worm at 
wheel gear on the top of the spindle. 

Tlie Peril/ Meier. — The manufacture of this meter has been stoppt 
by Messrs Chamberlain & Hookham, it being an infringement 
their patents. It has many points similar to the Ferranti or tl 
Hookham meter, and has a copper cup revolving in mercury betwei 
the poles of a permanent magnet. 

Cluckwork Meiers. — 'The moiit important in this class, in fact tl 
only one that has reached to any commercial success, is the An 
meter, which can be either used as a Coulomb or an energy mett 
either for direct or alternating currents ; but it is chiefly used as 
Coulomb meter for direct currents. There are in the mechanism t» 
separate clocks, each with a mainspring, escapement, and penduim 
The pendulum of one clock is fitted in the ordinary way. If tl 
meter is to be used as a Coulomb meter, the other clock pendulu 
is fitted with a permanent magnet as a bob. Under this magnet the 
is fixed a coil through which the current to be measured passes, at 
the clock is retarded in proportion to the current passed tfaroug 
due to the attractive force between the magnetic field of the curre 
and the pendulum magnet. If the meter is to be used as an enet^ 
meter, the pendulum has a coil of fine wire for a bob instead of 
magnet, the current in the coil being due to the pressure across t 
mains ; this fine coil swings either over or through the main cc 
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and the attraction between the two currents retards the clock. 
Between the two clocks is fitted a differential gear, so constructed, 
that when they are in synchronism no record is made, but whenever 
one clock, through the retardation of the current, goes slower than 
the other, then the difference in time becomes the quantity of energy 
consumed, and is registered on the dials in Board of Trade Units. 
The great disadvantage in such meters is the necessity of winding 
them up every fortnight or three weeks, but the latest designs of 
the Aron meter have a self-winding arrangement in the form of a 
small motor. There is also the difficulty that, if one pendulum 
stops not only does the record cease, but all previous record is 
blotted out. This class of meter is peculiarly adapted for battery 
charging, as current passing in either direction is registered. It is, 
therefore, only necessary to fit a large dial in place of the four small 
registering dials, and after the discharge has been taken from the 
accumulator, the meter is so constructed that, on bringing back 
the needle to zero, not only has the discharge been replaced, 
but the necessary percentage for battery loss has been added. 

IntermitteTit Regidraiion Meters, — This class of meter is now only 
represented by Lord Kelvin's meter. A number of such meters 
have been invented, perhaps one of the most important being 
Frag^'s meter. The principle is the same in all. The total reading 
is not the result of continuous registration, but is the integration 
of small quantities taken at given intervals of time. In some 
meters, as in Lord Kelvin's old meter, there is a revolving cam 
upon which is held a small roller, the position of the roller being 
determined by the current passing through the meter. When the 
current is large, the roller passes over the wide end of the cam, 
and when the current is small it passes over the narrow end. In 
this way, the different currents are integrated. In Lord Kelvin's 
present meter, the integration is taken from a saturated core of a 
solenoid, the main current passing round the solenoid. The core 
is suspended from the top by means of very fine flexible springs, 
and is drawn into the solenoid in proportion to the current passing 
round it. Suspended from the foot of the core, is a strong non- 
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magnetic pointer. When no current is flowing, the pointer does 
not project beyond its limit, and when the full curi'ent is passing 
the pointer roaches its lowest limit. Once every minute, actuated 
by clockwork, a lever or foot rises and falls. When the solenoid 
pointer, by the influence of the current, is projecting to its full 
extent, it is lifted by this foot, and by means of friction chitches 
which engage it, it turns the recording dials. The dials are thus 
moved in accordance with the length of the pointer projecting 
beyond the core of the solenoid, in proportion to the current 
flowing. One diflicnlty with these meters is the clockwork 
mechanism and its liability to stop; another objection raised by 
some is the noise. These objections, I think, have been overcome 
in recent productions. Great care is necessary in testing inter- 
mittent meters, as one lift more or less, when the time allowed is 
short, sometimes means a considerable percentage of error. 

These are the principal meters now being used for the measure- 
ment of electrical energy. I might have gone further back and 
given details of many more ; but I do not consider that it would 
in any way advance our purpose to dwell upon instruments now 
obsolete, some of which were clever and very ingenious but were 
found to fail on some ground or another. The principal points 
of failure were : — 

Brake power. 

Mercury commutators. 

Hand-winding. 

Slow starting from friction. 

Oxidation of the parts. 
However perfect the instrument, both in design and workmanship, 
and however perfect the theory on which it is constructed, it will 
be a useless meter if not carefully calibrated before being placed 
in a consumer's house. The calibration of meters is almost entirely 
in the hands of the Supply Companies and Local Authorities, who 
are undertakers, and I firmly believe they exercise every care to 
make their tests exhaustive and complete. 

The London County Council eight years ago established a 
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laboratory in London, for the purpose of calibrating all meters 
used by Companies within their control. Liverpool and Birmingham 
also had laboratories of their own, while the supply was in the 
hands of a Company. I do not know whether Liverpool has 
continued its laboratory since taking over the supply from the 
private Company, and I do not know that there is any reason 
why it should not continue to have its meters calibrated under an 
Inspector appointed by the Board of Trade, as I think such an 
inspection is provided for in all provisional orders. I do not 
profess to be a lawyer, but I am of opinion that a consumer could 
refuse to pay a disputed account that was not rendered from a 
meter duly certified by an inspector appointed by the Board of 
Trade, and I do not think that Local Authorities are exempt from 
these conditions though they are the undertakers. Of course, at 
the first it was impossible to appoint inspectors, as no meters were 
approved by the Board of Trade until quite recently. For direct 
current only three meters have been approved ; the Ferranti and 
Hookham on 30th October, 1896, and the Aron on 26th July, 1898. 

To bear out my contention I will quote from the Provisional 
Orders : — 

Clause 27. — "The Board of Trade on the application of any 
consumer, or of the undertakers, may from time to time appoint, 
and keep appointed, one or more competent and impartial person 
or persons to be electric inspectors under this Order, and from 
time to time remove any person so appointed." 

The duties of an electric inspector under this Order shall be : — 
(h) " The certifying and examination of meters." 

Claust Ifi, — "The amount of energy supplied by the undertakers 
to any ordinary consumer under this Order, or the electrical 
quantity contained in such supply (according to the method by 
which the undertakers elect to charge), in this Order referred 
to as ' the value of the supply,' shall, except as otherwise agreed 
between such consumer and the undertakers, be ascertained by 
means of an appropriate meter duly certified under the provisions 
of this Order." 
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Clause J^l. — **A meter shall be considered to be duly certified 
under the provisions of this Order if it be certified by an electric 
inspector appointed under this Order to be a correct meter, and to 
be of some construction and pattern, and to have been fixed, and 
to have been connected with the service lines in some manner 
approved of by the Board of Trade; and every such meter is in 
this Order referred to as a * certified meter ' : provided that where 
any alteration is made in any certified meter, or where any such 
meter is unfixed or disconnected from the service lines, such meter 
shall cease to be a certified meter unless and until it be again 
certified as a certified meter under the provisions of this Order." 

Clause 42, — " Every electric inspector on being* required to do so 
by the undertakers or by any consumer, and on payment of the 
prescribed fee by the party so requiring him, shall examine any 
meter intended for ascertaining the value of the supply, and shall 
certify the same as a certified meter if he considers it entitled to 
be so certified." 

Such a system of inspection is already carried out in the Gas 
Department, with gas meters, and would be an easy solution for 
all disputes over electric charges. 

More important to the public than the construction of the meter, 
or its certification, is, perhaps, the charge made by the undertakers ; 
and in considering this question of charge many points come up 
which have to be looked at, before the system, that will give 
most general satisfaction and 3'et be remunerative to the Supply 
Companies of the different districts, can be decided on. It would 
be an easy matter to fix a price if the supply were taken regularly, 
within a given number of hours each day, throughout the year ; 
but these conditions do not anywhere exist. Whether it be a 
demand for light or power, that demand is very variable, depending 
upon the circumstances without the control of either party. The 
most favourable conditions we yet know of, for the consumption 
of electric energy, is the use for power by large engineering works, 
or a large tramway system, or a factory using electrolysis as a 
means of manufacture. These have a fairly consecutive load, but 






1 



156 METERS AND SYSTEMS OF 

they have their peaks on the curve, though not to the same extent 
as in lighting. 

When electricity is used for lighting purposes the load is as 
variable as can well be conceived. There is not only a very light 
load every forenoon, but a specially light load for half the year. 
During the year the maximum load occurs on one day only and con- 
tinues for a very short time, not more than half-an-hour, and during 
the winter months clouds and fogs cause a continual variation on the 
output. All this has to be mot by machinery, which, for the greater 
part of the year, is standing idle, as is borne out by the fact that 
the proportion of actual output to the possible is about 10 per cent. 
To meet all these varied circumstances, a charge has to be made 
that will be remunerative both to the supplier and the consumer. 

Looking at the tabulated costs taken from returns of the different 
undertakers, it is very difficult to place them on a common basis 
for comparison, for while one Corporation puts all wages and 
salaries to maintenance, another divides this sum between revenue 
and capital account, on the ground that part of the time of their 
employees is occupied in the erection of new work. The amount 
set aside for depreciation varies very much, and the cost per unit 
generated is influenced by the number of public lamps erected in 
the streets. Taking all these points into consideration, one is 
unable to make a correct comparison between the different supply 
undertakings. It is, however, very interesting to compare the costs 
of two such towns as Edinburgh and Glasgow, Table I., when in 
Edinburgh there are such a large number of public lamps. 

The fuel in Edinburgh is better than the fuel in Glasgow, as 
Glasgow only burns gas char. 

The oil and engine stores are identically the same. 

Wages, though practically the same, are a little higher in Glasgow 
per unit, and being a standing charge are quite independent of the 
amount of current used. Had Glasgow as many street lamps as Edin- 
burgh the cost per unit would be •2d, or only •02d above Edinburgh. 

Repairs and maintenance show a greater difference, and I give, 
Table 11. , the details on the several items. 
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For T»r Ending Slit Mm j, 1B98. 


For r«u Ending Mnj, IS96. 


Private 1 

Lighting, 
Motw Po5er, 
Pnblic Lamps, 

Total, ... 


Units Sold. 


Cnitaaold. 


l.U86,902 
228,134 '.'.'. 
... 2,114,036 


1,973,133 
88,85* 
884,660 

3.894,437 


Fuel 

Uil & Stores, 
Wages, ... 

■hKS^ t 

Rents and ( 

Taxe^ t 

Management, 

Sinking I 
FnnJ. 1 

Interest an ( 
Capital, 1 

Surplus, ... 

Street Lamps 
Total, ... 


£ B, d. 

3945 15 
614 13 5 
2313 4 S 
1318 IS 6 
3647 19 6 
3167 19 7 
8945 1 9 
163T 
4814 8 10 
2174 10 a 

31,371 4 3 
1,989 10 7 

£36,360 14 10 


IWp-Unit. 

■OH 

'3S2 

■400 

■300 

■359 
1190 ^ 
6'3o;'.ODCap.j 

■646 

i 


£ «. d. 
4176 16 1 
676 16 S 
3IH1 4 
2270 H 11 
1866 e 11 
3313 11 4 
7680 

6937 6 7 
7034 1 7 

36,140 7 
2,808 17 9 

38,040 4 9 


p™™ per Unit. 

3-46 

■036 

■181 

■190 

■164 

■274 

■637 
2-9S% on Cap. 

■492 





0.™,. 






£630 2 7 


£144 8 11 


„ „ Machinery and Plant, 


1686 17 7 


1476 8 4 


,, „ Instrnments, 


31 5 6 


11 e 1 


„ Mains 


1293 12 10 


677 9 1 


„ Meters, 


676 18 


69 IS 6 


£4,318 16 6 


£2,-279 8 11 
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Gas is greatly responsible for the greater cost of mainteDance of 
the mains in Glasgow, where the manholes have to be continually 
examined and ventilated. How meters are maintained in Edinburgh 
for £69 per annum I do no know, it is not the wage of one man. 
There is also another side to repairs and maintenance, it is not 
merely the question of how much per unit have they cost : But what 
is going to be the life of the plant ? In what condition is the plant 
at the end of the year ? 

Edinburgh seems to get off very easily in the. matter of rates and 
taxes, for while Glasgow pays £2256, Edinburgh only contributes 
£1535. 

On management, the same remarks can be made as on wages. 

With respect to the depreciation and sinking fund, the difference 
between the two cities' accounts is bonie out by the percentage which 
these bear to the Capital invested, for while it is 6*35 per cent in 
•Glasgow, it is only 2*96 per cent, in Edinburgh. 

If Glasgow had adopted the Edinburgh figures of 2-96, instead of 
6-35, there would have been a surplus of £7,771 or £747 more than 
Edinburgh. 

Referring to the two load curves, Plate VII., the one for Glasgow, 
the other for Edinburgh, I should like to explain that, in Glasgow, 
from 11.30 p.m.; and throughout the night till 7 a.m., there is a 
battery charge of 750 amperes. The 23rd December, 1897, seems 
to have been a dull day in Edinburgh judging by the peak of the 
curve at 12.30 p.m.; and the larger Edinburgh output from 5.30 
p.m. till midnight, is partly accounted for by the large number 
of street lamps. To ascertain the watts delivered to the lamps, 
the Edinburgh curve must be multiplied by 230 volts, and the 
Glasgow by 200 volts. 

It is a commonly accepted statement that as the Supply Station 
increases, the cost per unit will very materially decrease. This is 
true to a limited extent, but depends in a very great degree upon 
the time factor in the maximum demand. Mr Wright in his paper 
on the cost of electrical supply says; "The sum total of all stand-by 
expenses follow, as a rule, the rising line connecting the annual 
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maximum demand on the mains," and I think it will be self- 
apparent that the cott per unit generated, when the peak of the 
curve is very sharp, vill be much higher than when the maximum 
load continues for some time, the longer the better. 

A unit of electricity as already stated consists of three elements, 
D&mely pressure, current, and time. The pressure being a constajit, 
it may be put aside seeing we are not able to alter it; we have thus 
left two elements, current and time, which are both variable. Non 
current costs something to produce, and time does not, so that if any 
method can be devised, to place a tax on the current and put a pre- 
mium on the time, so that the unite to be paid for wUl increase in 
time and be reduced in current, it will greatly tend to diminish the 
cost per unit in the station. When unite have more current than 
time in them the consumer should pay more than when the reverse 
is the case, for example — 

If A's units are 50; made upof 100 volts, 260 amperes, 2 hours, and 
B's „ 60; „ ,. 100 „ 25 „ 20 „ 

it means that A requires plant to the extent of 40 U.P., and B onl} 
4 H.P., to be erected in the supply station for their use respectively, 
and the copper in the street has to be ten times heavier for A 
than for B. 

This can easily be shown to be the case from the differeni 
conditions under which the supply has to be maintained foi 
lighting. Take the mercantile offices whose requirements extend 
over only the winter months ; they shut not later than 5 o'clock 
and therefore do not use light more than about from '7 to 1 honi 
per day at the outside. Large warehouses and many shops, which 
close at about 7 p.m. and 2 p.m. on Saturdays, will require light foi 
about 1-12 to 2 hours per day; public bouses, 2'6 to i hours pei 
day ; hotels, about 3 hours per day; clubs, about 5 hours per day 
and motor power may be anything np to 8 hours per day. Publii 
lighting, when all the lights are used throughout the night, wil 
reach 10-6 hours per day. 
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The annual expenditure of a Supply Station is made up of the 
following items : — 

1. Interest on capital. 

2. Sinking fund. 

3. Depreciation on plant. 

4. Management. 

5. Rents, rates, and taxes. 

6. Wages and salaries. 

7. Repairs and maintenance. 

8. Fuel. 

9. Oil and stores. 

Of these the first seven items are, to a very large extent, indepen- 
dent of the amount of current generated ; whether the peak of the 
curve be a sharp or a flat one makes no difference on these items, 
only the two latter are affected by the total amount of the load; and, 
when it is said that these two only cost, in a fairly developed and 
economically worked station, not more than *5 of a penny per uuit, 
the seven items of cost which are the same for all loads, must be 
considered the ruling factors in the charge. These costs have been 
called standing charges. They remain the same, and have all got 
to be met, whether the plant supplies one unit or a thousand, or 
whether lamps are used for one hour each day or ten hours per 
day. If lamps are used for one hour per day, that hour's lighting 
must pay for all these standing charges, while if used for ten hours 
lighting, the charge is the same, the only extra expense being in 
fuel and stores. 

There are, therefore, two conditions to be met in making the 
charge ; viz. : — 

(1) A very vaiying demand from '7 to 10 hours per day ; and (2) a 
cost that is independent of the time, and entirely in proportion to 
the amount demanded. 

A uniform rate with discounts in no way meets these condi- 
tions ; in fact, it does quite the reverse, for it is quite possible for 
a consumer to so increase the number of units he uses, by the 
addition of lamps, to enable him to benefit by the discount to such 
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an extent that, from being a profitable customer he becomes a los, 
to the undertaking. Kor does a uniform rate without the discount: 
meet the case, as it forced the undertakers to make the long houi 
consumer pay for the loss incurred in supplying those who do no 
use sufficient energy to pay for their proportion of the standing 
charges. In a very short time — when the mains have been extendec 
beyond their present limits, to such districts as Bndgeton Cross an( 
New City Road — the great bulk of the consumers will be of a clasi 
that will require light to 8 or 9 o'clock at night, and it would be ai 
injustice to them, as well as all small consumers, who are generall] 
long hour users, to make them pay for the losses incurred in supply 
ing the great hulk of offices and large establishments in Buchanai 
Street. 

The late Dr Hopkinson was, I believe, the first to see the necessity 
of making a charge that would recognise these different demands 
and the great importance in reducing the charge as the time factoi 
increased. To carry out this principle, different systems of charginj 
have been imposed, so that each user requires first to pay his owi 
proportion of the fixed charges. 

The amount expended on plant and mains, put down for tht 
supply, is determined by the requirements of those demanding thi 
supply, and the yearly extensions are to a very great extent governet 
by the maximum load on the works. Maximum output, or demand 
as shown by Mr Wright and already quoted above, is followed verj 
closely by the standby charges. It therefore follows that, if a chargi 
can be made on the demand of each consumer that will meet thesf 
fixed charges, a small charge can be made per unit metered to pa] 
for fuel and stores. But here it may be said that, the maximun 
demand of each consumer does not necessarily amount to the tota 
number of lamps on bis premises, nor does the actual maximum o 
the town amount to the aggregate maximum of each consumer 
These points necessarily raise the questions ; On what demand i: 
the first charge to be made t And how is the demand of each con 
Eumer to be detei-mined 1 The actual maximum demand on aaj 
Supply Works never exceeds, and is generally below, 50 per cent, o 

11 



162 METEBS AND SYSTEMS OF 

the quantity required, if every light and appliance attached to the 
mains are in use at one time. There are some lamps that are only 
occasionally lighted, and users make their demands at different 
times. A private house, of say 100 lights, seldom has more than 25 
lights hurning at one time, while theatres light up after the city 
shops are closed. On what demand then has the charge to be made f 
There are two ways of considering a consumer's demand, either 
it is the number of lights installed, or it is the greatest number of 
lights used at any one time. If the charge is made on the number 
of lights originally put into a house, then the consumer will only 
adopt such lights as are absolutely necessary, leaving them out in 
basements, back premises, kitchens, passages, and perhaps bed-rooms. 
To prevent the consumer putting lights in places where they would 
perhaps only be used for a very short time, and which would be a 
very great convenience to the user, would naturally take away from 
the Supply Company a very large source of income. In other 
words, this system of charging puts a tax upon all lights, and in 
consequence tends to reduce the number of lights attached to the 
mains. If the charge, however, is made on the greatest number 
of lights in use at one time, then there is no restriction on the 
number installed, and odd lights can be used throughout the day 
without increasing the demand. 

Mr Wright) of Brighton, was one of the first to recognise the 
necessity of carrying out, in some practical way, these principles; 
and he set himself to devise an instrument that would indicate the 
actual demand of each consumer. For this purpose he brought out 
what has been called the Demand Indicator. The current to be 
measured passes round a glass bulb at one end of a y -shaped air 
thermometer, the liquid in which rises in the right-hand limb, is 
trapped, and passes down into the indicating tube. The readings 
on the scale, alongside the tube, are calibrated to give either the 
amount of current used at any one time, or the number of units to 
be consumed per quarter or half year, at the initial charge, before 
any rebate is given. 

I will now mention how these two systems of charging on the 
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demand work out, and in so doing will use the figures lately 
adopted bj the Glasgow Corporation as follows : — 

1. TJnder the first or Demand Indicator system, the rates are:— 
(a) Where a quantity not exceeding 

the maximum demand for 365 

hours in the twelve months 

(being an average of one hour 

per day) is used, the charge is 6d per Board of Trade Unit, 
(£) All current consumed over the 

above quantity at 100 volts 

pressure, - . - - 2Jd „ „ 

(c) All current consumed over the 

above quantity at 200 or 250 

volts pressure, - - - 2d „ „ 

2. Under the alternative or Fixed Charge system, the rates are; — 

(a) A fixed charge of 4s 6d per annum for each 8 candle-powei 

lamp or its equivalent fixed in consumer's premiaee (oi 
£7 4s per Kilowatt), this charge being spread uniformly 
over the twelve months; and, 

(b) An additional charge for all 

current used as recorded on 
the meter if taken at 100 volts 
pressure, - - - 2 Jd per Board of Trade Unit 

(c) If taken at 200 or 350 volts 

pressure, - - - 2d „ „ 

Assuming the supply to he 200 volts in both cases, then undei 
the first method the charges will be 6d and 2d per unitj and 
under the second, ia 6d per 8 C.p. lamp and 2d per unit On* 
16 C.P. 60 Watt lamp, lit only one hour per day for a year, wil 
consume 21-d uniu — practically 22 units — which at 6d, nndei 
method 1, will be 1 Is per annum, and under method 2, 12s 8d pei 
annmn, being (4s fid x 2)+ 22 units at 2d. 

All additional hours of burning are charged at 2d per unit ii 
both methods, so that no matter how long lights may be used, eacl 
16 C.F. lamp will cost Is 8d per annum more by the second aysten 
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under these rates; of course, it is quite possible to make them 
equal, a charge of 38 8d per 8 C.p. lamp instead of 4s 6d would 
do so. This equality will hold good only when all the lamps are 
used for at least one hour per day. The great difference, which 
shows in favour of the charge being made on the actual demand, 
and not on lamps installed, is when we compare the two systems on 
lights that are not used for at least one hour per day. If the light 
is only used for one hour per week, that will mean a little over 
3 units, say 3, which at 6d., under the first method, is Is 6d, 
whereas, under the second method there is the lamp charge of 9&, and 
8 units at 2d per unit, in all 9s 6d. 

In my own house I have sixteen gas jets, of which not more 
than eight are alight at one time. If instead of gas I introduced 
sixteen C.P. lamps, on the demand system for one hour of burning 
throughout the year, the charge would be £i 7s 6d, whereas, if I 
have to pay an initial charge of 4s 6d per 8 c P. lamp and 2d per 
unit, the cost would be £S lis. This naturally means that I should 
fix lights only in the public rooms. It is not only unfair but 
almost impossible to make a charge on the number of lamps 
installed. After one has completed his installation and finds a 
lamp would be a great convenience in an odd corner, which would 
in no way increase his demand on the station ; Is he to put it up 
and pay, or put it up and say nothing about it 1 Does the Corpora - 
tion intend to have a continual inspection of the number and 
candle power of the lamps 1 for consumers are continually making 
additions or deductions in their lights. Apart altogether from the 
question of changing lamps from a lower to a higher candle power, 
or vice versa, there is a possibility of a consumer wishing to reduce 
the number of his lights within the year. AVhy should he then be 
charged on lamps that have been discontinued ? 

Other methods have been suggested, and in a few instances tried, 
such as at Norwich ; by Mr Andrew's, at Hastings; and by the Ayr 
Corporation. Mr Kapp and Mr R. P. Wilson have also suggested 
methods, by means of a time switch controlled by clockwork, so that 
all current used for a given time is charged at the initial price. 
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After that the switch goes over &nd the cheaper meter is used. T 
latter methods entail a very much larger expenditure in mete 
double the number being required, in addition to the clockwc 
switches. 

Some have raised the objection to such a mode of charge that, 
is contrary to the Act of 1882, Clause SO, which says; "The und. 
takers shall not, in making any agreements for a supply of electrici 
show any undue preference to any local authority, company, 
person, but, save as aforesaid, they may make such charges for t 
supply of electricity, as may be agreed upon, not exceeding t 
limits of price imposed by or in pursuance of the license, order, 
special Act authorising them to supply electricity. 

Now, I hold that this mode of charge, in a very marked degr 
does not contravene this clause, but is strictly in accordance w 
it, which cannot be said for the discount system. It has been In 
by the gaa undertakers that, discounts on large consumption gi' 
undue preference, as it permits a lower price for a large warehoi 
burning short hours, than for a small user or motor running Ic 
hours. The Demand Indicator is not hai'd on small consumers, 
it puts the small consumer on the very same platform as the larj 
ftll have the same privileges, and all pay their exact proportion 
the cost of production. This surely should be the object of 
charge, that that which costs most should be paid for at the high, 
rate, and the less the cost of production the lower the rate. I belit 
these conditions are, as far as it is possible, met in the Demn 
Indicator System. 

In dealing with the charges for electricity, I have not made n 
difTerence between electric lighting and power, but simply looked 
the question generally, and considered that a consumer may 
electricity for what purpose he pleases. It may be said, howei 
and that with a great deal of truth, that the consumer who u 
electricity for power and not for hghting, is a better customer, i 
should be supplied at a cheaper rate. From the consumer's pc 
of view this may seem an unanswerable argument, hat let it 
remembered that all consumers of power do not stop their work^ 
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three o'clock in the afternoon when the peak of the load is coming 
on the station, hence plant has to be supplied to meet not only the 
lighting load, but the power load at the same time ; and given a 
sufficiently low charge after the initial cost has been met, I see no 
reason why power consumers should not be charged the same as 
electric light consumers. Say the charge of 6 d is made for the 
first hour and Id afterwards, this would make it for power purposes 
practically l^d a unit. 

Many towns charge a different rate for power than for lighting ; 
for instance, Edinburgh charges 3^d for lighting and l^d for power; 
Manchester has a sliding scale for lighting from 5d to l*69d accord- 
ing to the hours used, and a IJd rate for motor power, provided a 
certain quantity is used. 

In this connection an interesting paper was read by Mr Alexander 
Siemens before the British Association, in which special reference 
was made to the generation of energy in his own works at Wool- 
wich, where there is about 1,000 H.P., with an annual output of 
1,178,286 units, giving a load factor of -18. According to Mr 
Siemens, the cost was 1*287 of a penny per unit, this included 
interest, depreciation, rent, and taxes, but not the loss in distribu- 
tion. From this it appears that a large central station would be 
able to supply public works at a cheaper rate than they could make 
it for themselves. I fully believe the time is not far distant when 
a supply that is now being given at l^d, will be reduced to something 
like }d per unit. 



Discussion, 

The discussion on this paper took place on 20th December, 1898. 

Professor A. Jamieson (Member) said that he was naturally 
very much disappointed with this paper. Mr Arnot stated that 
"A Board of Trade Unit is the integration of CYdt;" also, 
that "One Board of Trade Unit = f^2 CVrf/=1000." To this 

definition he (Prof. Jamieson) took exception; for, how could 
one equal a thousand I ! A Board of Trade unit was simply the 
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name given to the energy developed by a kilo-watt-ho«r ; o 

1000 Watthours; or, 1000 Voltampere-hourH. Or, to put it ati 

more plainly, it was the energy developed by 1-34 (aay IJ) hon 

power acting for an hour. Mr Arnot should have said that, wht 

they had to measure, in order to obtain the value of electrici 

energy, was the time integral of the product of amperes an 

volts (or the integration of CYdt), and that that measure wf 

expressed in Board of Trade units. There was no referenc 

whatever in Mr Arnot'a paper to the diagrams of the very fe 

meters which he had illustrated, and in the diagrams themselvt 

the electrical connections were insufficient to show how tb 

currents circulated and acted in the met«rs. He defied an 

common-sense mechanical engineer to thoroughly understand an 

of the meters from Mr Amot's descriptions and figures, exce{ 

perhaps the " Wright Demand Indicator." From a person { 

Mr Amot's ability, they had a right to expect clear and descrij 

tive diagrams, which, when combined with the paper, would I 

intelligible to the youngest member of the Institution. Referrin 

to his description of the Bastian meter, Mr Amot said in the lai 

sentence; "A small amount of sulphuric acid is put into the wate 

to keep it from freezing." He (Prof. Jamieson) thought that th 

first reason for adding the sulphuric acid was, to enable electrolysi 

to take place, since pure water was such a good insulator that i 

required many volts (or a high pressure) to electrolyse it. Th 

description and the figure of the Hookham meter referred to an ol< 

pattern. He (Prof. Jamieson) had brought with him the lates 

fonns of Hookham's continuous and alternate current meters, whici 

he laid on the table for inspection. He understood that severs 

hundreds of these improved continuous current meters were noi 

being connected up in circuit with the currents from the Glasgow 

Electric Light Stations. In regard to the Ferranti meter, Mr Arno 

was very particular in quoting Mr Ferranti's description, but he en 

tirely omitted to mention, what was equally interesting and ingeniouE 

that one or both of the pole pieces (above or below the mercur 

bath) were made of steel, so that the retentivity for magnetism e 
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this portion of the magnetic circuit might enable the meter to start 
with and register very small currents, and thus dispense with a 
fihunt circuity which used to be a wasteful and troublesome part of 
the previous form of Ferranti meter. In the description of the 
Elihu Thomson meter, Mr Arnot omitted to mention the use of the 
shunt coil for overcoming the frictional error of the instrument. 
He would, however, compliment Mr Arnot on his excellent figure of 
that meter, which, if it had been accompanied by letters and an 
index to the different parts, would have made its ingenious and well- 
designed mechanism still more intelligible. Mr Arnot gave a 
description of an old form of Aron meter, although he had the 
latest pattern on the lecture table before him! With regard to 
the Ferranti continuous-current meter, he (Prof. Jamieson) had 
found it an excellent one, and very largely adopted. Great care 
was, however, necessary to prevent the mercury from getting out of 
the central bath and causing even a partial short circuit of the 
current. In a recent test in connection with the Edinburgh electric 
light installation, he had proved this to be possible. In connection 
with Mr Arnot's remarks concerning the necessity for the in- 
dependent inspection of meters, when there was any doubt as to 
their accuracy, he quite agreed. He was not in a position at 
present to criticise Tables I. and II. regarding the comparative 
cost of working the Edinburgh and Glasgow Central Stations, but he 
held in his hand a letter from one of their best-known local Members 
of Parliament, wherein he stated that a bona fide offer had been made 
in this country for the supply of current for a very large combined 
installation of light and power at 0*6 pence per Board of Trade unit ! 
He had also visited a friend in Edinburgh who found it convenient 
and cheap to wire his house separately for light and for power or 
heating, as the Edinburgh Corporation distributed current for the 
latter purposes at only l^d per Board of Trade unit. His friend 
found it more convenient and cheaper (under certain circumstances, 
especially at night) to have food, etc., cooked by electricity than by 
ordinary fires, when supplied with current at such a low rate. 
Certainly, there was no smoke, dust, ashes, or cleaning required. 
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where electric energy was the developer of heat. Finally, he 
thought the Iiiatitution had to thank Mr Amot for bringing this LI 
paper before them, for very soon every member would have to deal m 
with and pay for electric energj', and the more they learned ofJJ 
the apparatus by which It was measured, and how they were to he-]^ 
charged, the better. 

Mr J, D. CoRMACiK (Member) said as he was not able to b 
when the paper was read he bad looked forward to seeing it in the-^' 
Transactions; but he had been sadly disappointed with it. It borer, 
evidence of having been written in haste, at all events, that was the . 
most charitable construction one could put upon it. He was sure! 
Mr Amot could have given them an excellent paper on meters, or', * 
systems of charging for electric energy, but he had attempted bothu 
and failed to do justice to either. He would join with Professoi| 
Jamiesoii in protesting against the unnecessary introduction of thel 
calculus; already it did not find much favour among engineers J 
and here it was introduced to make hazy, in fact to make incorrect, ^ 
what was really a very simple definition. He thought it was afJ 
pity to abuse it. There were one or two good points in thiy, 
paper, however. Mr Arnot remarked that a consumer couW 
refuse to pay a disputed account that was not rendered from t 
moter duly certified by an inspector appointed by the Board ol 
Trade ; and he thought probably it was the case that suclj 
inspectors ought to be appointed. He expected also a discussioi 
of the different systems in vogue in charging consumers, but suciy 
was absent. A very large number of systems were in 
places, and that gave evidence of the fact that the question wal 
attracting much attention, and that a satisfactory solution had nol 
yet been arrived at. Probably in time they would be able to mak 
a fixed charge for the quantity consumed, no matter what th , 
quantity or the load factor was. 

Mr K George Tidd (Member) observed that Prof. Jamieson ha i 
criticised very fully the various matters entered upon in the pape;';J 
and doubtless Mr Arnot would make adequate replies. He wf V 
rather disappointed upon reading the paper, as, from the title, m 
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had hoped that the systems in vogiie of charging would have 
received more attention than Mr Arnot had given them. Ck>n- 
cerning the remarks about gas meters, on page 165, Mr Amotsaid 
there was a system for checking gas meters, as if to imply, on that 
account, that such meters were always considered perfect. As a 
matter of fact, however, gas meters certainly had by no means 
good characters for accuracy, and he certainly believed electric 
meters had decidedly better ones. A table of figures was given 
with reference to the costs of repairs and maintenance for Glasgow 
and Edinburgh. These figures were open to considerable criticism. 
A very large quantity, if not the bulk, of the rubber cables which 
were originally laid, had by degrees to be removed and other kinds 
substituted, owing to frequent troubles. He had noticed, too (the 
very last time he was in Edinburgh), that the whole of the copper 
strips along Princes Street were being replaced. Now, under the 
items of repairs and maintenance of mains for Edinburgh, the sum 
of £577 odds was given. What was included under that figure ? 
The work above suggested obviously could not be. Perhaps, 
however, such items as those were put down to capital account, in 
which case it would be easy to make costs for maintenance come 
out at any desired figure. He could not agree with Mr Arnot's 
remarks on the last page of the paper dealing with the charges for 
electricity. He certainly thought that the users of power should 
have the preference over the users of light, though he was open to 
admit that in isolated cases the user of light might be as good a 
customer. It was true, as Mr Arnot pointed out, that often the 
user of power also wanted his maximum demand at the time of 
heaviest load, but then it should be borne in mind that the machinery 
which had to be put down to supply that was kept more or less 
actively employed throughout the whole year, so that the income 
earned by it was very much greater than if it were employed for 
lighting alone. Prof. Jamieson remarked about the Ferranti meter, 
presumedly to show that that instrument had to be carefully 
handled, but personally speaking he would be only too pleased 
to have a bubble of mercury getting out of his meter and in 
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consequence be charged with only a fractional portion of the 
energy consumed. He did not know whether it was for that 
reason that Prof. Jamieaon's client objected to the meter. 

The discasaioD on this paper was resumed on 24th January, 1899. 

Mr H. A. Mavor (Member) considered that the subject of the 
paper was an exceedingly interesting one, and it would become more 
interesting with the extended use of electricity and electric meters, 
as Mr Amot had pointed out Speaking as a user of electric meters, 
he was bound to say that they possessed the same fault as gas meters 
— they charged too much. Possibly that was not altogether the fault 
of the meter, but partly at the rate charged, which would not be 
amended UDtil the supply was on a more extended basis. They 
might hopefully look forward to the time when they would have 
electricity in Glasgow at the reasonable price of say 2 pence per unit. 
A very important point raised by Mr Arnot was the question of 
differential charging, and, while some speakers in the discussion 
seemed to have indicated that they might look forward to a time 
when a uniform charge would be made all round, he did not think 
that that was likely to occur; because the supply of electricity differed 
in many important respects from the supply of such commodities as 
gas and water, which could be more properly supplied at a uniform 
rate of charge. Electricity was supplied direct from a prime mover 
which stood idle and unproductive when the product was uncalled 
for, and therefore the consumer (who used the power for, perhaps, 
only 300 houn per annum) was responsible for a portion of the 
interest and depreciation of the plant for the remaining hours of the 
year, and ought properly to pay a higher rate ; so that the question 
of differential charging was one which would likely remain for all 
time. The introduction of a differential charging meter would 
result in additional cost both to the vendor and consumer of 
electricity, which cost could, in his opinion, be saved by a very 
simple expedient; viz., to take the meter indication for a year 
and compare its total witb the possible maximum demand by the 
consumer. The ratio of the meter reading to the possible maximum 
demand gave the load &ctor, and the uniform charge would he 
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subject to a discount depending upon how nearly those two figures 
approached one another. He had experimented with this method 
in public supply in Glasgow and found it to operate very satis- 
factorily. The discounts given to customers varied from five to 
forty per cent, of the normal charge of 8 pence per unit. 



Carrespcmdence. 
Mr C. A. Matthey (Member) — Had listened with interest and 
profit to Mr Arnot's paper, and read with a feeling of surprise the 
criticism of his friend Professor Jamieson, who had treated Mr 
Arnot with what he (Mr Matthey) considered uncalled-for severity; 
because symbols of integration had been used in order to show 
what variables a given machine was summing up. Surely if there 
were a legitimate occasion on which the integral notation might be 
employed, it was in distinguishing between meters which recorded 
current only and those which took into account the voltage also, 
supposing that to vary. No one could condemn more than he did 
the art of " how to make a little calculus go a long way," or any 
other pretention to knowledge not really possessed. But the 
symbols of integration had a value apart from the operation of in- 
tegration ; they showed at a glance the summation under discussion ; 
they substituted for a long sentence a few letters and figures ; in 

• 

fact, they constituted a species of mathematical shorthand. One 
could not have had a better instance of that than was given in the 
paper read by Prof. Biles, on the same evening as Prof. Jamieson 
uttered his strictures on Mr Arnot. Prof. Biles, so far from 
expressing his curves by equations and integrating their areas, 
gave on the contrary a simple arithmetical process of finding them. 
Yet he could scarcely avoid using the integral symbols, in a manner 
to his (Mr Matthey's) mind justifiable if not inevitable. It was to 
be hoped that members would not be deterred from communicating 
papers by fear of such censorship as that of the learned Professor. 
How could 1 equal 1000? he asked. One kilogramme equalled 
1000 grammes, and 1 kilometre equalled 1000 metres; and, in his 
own words, one Board of Trade unit equalled 1000 volt-ampere- 



CHARGING FOR ELECTRIC ENERGY. 173 

n::^ Mr C. A. ICatthey. 

hours Mr Amot said that the unit was equal to the integral when 
the integral equalled 1000, which was precisely the same thing. 

Mr W. B. Sayers (Member) — Would like to ask Mr Arnot 
whether he could give, in his reply, any information concerning the 
average percentage of error in the records of the types of meters 
of which he had had experience — especially at low readings. It 
was of the utmost importance to the supply station that, the small 
currents due to odd lamps burning long hours should be fully 
metered. He was also curious to know with what amount of 
accuracy the transient current taken by an electric light was regis- 
tered on the meters in general use. The ordinary journey of an 
electric elevator lasted from 10 to 25 seconds; the current was 
comparatively large at starting, and this was no doubt helpful to 
the meter in giving it a good start, so that perhaps the record 
might not be very far wrong. Mr Arnot's figures of comparative 
costs of generating electricity in Edinburgh and Glasgow were 
very interesting; and the exposition of the considerations which 
had led to the introduction of Wright's system was good. The 
main difficulty with the latter system was in getting people to 
understand it, and he believed it was chiefly that difficulty 
which induced Mr Chamen to recommend the adoption of the 
alternative system of charging a fixed rate for each lamp put up, 
in order to cover standing charges. 



Discussion, 
Mr Arnot, in reply to the discussion and correspondence, 
thought it unnecessary to refer to the first part of Professor 
Jamieson's remarks, as that had been answered by Mr Matthey. 
It was a great pity that Professor Jamieson favoured destructive 
rather than constructive criticism, as a little of the latter would 
have been more beneficial to the Institution. He could not agree 
with Mr Tidd's idea that users of power should have preference 
over users of light. The number of hours during which the supply 
was taken should alone govern the charge, quite independently 
of the use to which the energy was put. Mr Tidd said it should be 
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borne in mind that the machinery which had to be pat down to 
supply a power user had to be kept more or less actively employed 
throughout the whole year. That was precisely the point that 
should be kept in mind, for whenever the user paid his standing 
charges he was supplied at a very low rate. Mr Sayers solicited 
information regarding the percentage of error in meters, especially at 
low readings. Any figures giving such an average would be mis. 
leading, particularly with respect to mercury meters. The errors 
ranged from 2 per cent, to 5 ])er cent, between y^ ^^ ^^® load and 
full load. Below yV ^^ ^^^ ^^^ ^^^ error was very variable, and 
depended largely on the previous history of the meter, the strength 
of the magnetic field, and the purity of the mercury. The starting 
<:urrent varied from '08 to *3 of an ampere — about *2 was a fisir 
average. He remembered a very interesting test on two Ferranti 
meters, which were employed in a photographer's establishment 
fur measuring currents of short duration. A cluster of about 
eighty 50 -candle power 90 -volt, incandescent lamps, were 
connected, two in series, across the outer wires. These were 
put on for about 10 seconds, by means of an ordinary double- 
pole switch. On one side of the system, between one of the outer 
wires and the middle wire, the lamps of the house were fixed. 
Before the double-pole switch was closed, which put the photographic 
lamps into circuit, the one meter moved slowly while the other was 
at rest. From tests taken on the two meters by Mr W. R. Wilson, 
it appeared that the registration of the meter that was at rest before 
the double-pole switch was closed, was low; but the registration on 
the meter that was moving slowly before, was about 25 per cent, too 
high. These meters were subsequently removed, and Lord Kelvin's 
substituted. Meters of the Aron type were possibly the best suited 
for that class of work. He found, generally speaking, that consumers 
whose consumption enabled them to benefit by the demand system 
understood it well enough to appreciate it, while those whose 
consumption was limited as to time, generally took exception to the 
system. He feared that Mr Mavor was not quite clear on the mode 
of making the charge. Mr Mavor, at the end of the year, took the 
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ratio of the meter reading to the possible maximnm demand ani 
allowed a diacouat, based on that ratio. 

Taking the fonr following examples, each at 100 volts: — 



A 


Pondblc 


AetaiJ 


=r£r 


..up»^. 


H.P. required. 


20 amp. 


20 amp. 


i 


365 


30 


B 


20 „ 


10 „ 


1 


365 


1-5 


C 


20 „ 


5 „ 


2 


365 


■75 


D 


20 „ 


1 .. 


10 


365 


■15 



The possible demand was the same in each case, and the meter read 
ing at the end of the year was also the same, therefore the ratio, oi 
as Mr Uavor called it, the load factor, was the same. How would 
he then differentiate between these users! They would each be 
charged by Mr MavorU system at the same rate, though A took i 
plant 20 times larger to supply his actual demand. Plant was nevei 
provided for the possible maximum demand. 

On the motion of the President, a vote of thanks was awarded 
Mr Amot for his paper. 



ON M. TCHEBYCHEFFS FORMULA 
By Professor J. Harvard Biles. 



(see plate vin.) 



Read 20th Deannher, 1898. 



This paper has beea prepared with a view to calling the attention 
of members of this Institution to a method of calculating areas of 
curves which has some merits in the direction of simplicity, and to 
giving some results of the application of the rule. A full account of 
the mathematical investigations on which the rule is based may be 
found in a paper by M. Radau in the Journal de Liouville^ 1880, on 
" An Approximate Formula for Calculating the Numerical Value of 
a Definite Integral ;" and also a discussion of the rule may be found 
in the Bulletin de V Association Technique Maritime, No. 4, Session 
1893, by Professor M. A. Kriloff. 

The importance of having a simple rule for finding areas of curves 
is evident to all in the habit of making the usual calculations con- 
nected with ship design and construction. It may be stated generally 
that, all the calculations which are made in connection with ship 
forms resolve themselves into finding the area of a curve or a series 
of curves. Take the case of finding the displacement of a ship- 
shaped form : we first find the areas of a series of plane sections, 
and then treat these areas as the ordinates of a new curve. This 
curve gives the area of a cross section parallel to the calculated 
planes of section at any chosen position in the body. The area of 
this area-curve gives the total volume. 

To find the centre of gravity of the solid of displacement, we have 
only to multiply chosen ordinates of the area -curve by distances 
from some axis for moments, and we can obtain ordinates for a new 
curve each ordinate of which represents the moment of a section of 
elementary thickness about the chosen axis. Summing up all these 
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momeota, ve obtain the moment of the solid. Hence the detenm- 
iiktion of the moment of the solid resolves itself into determining 
the area of the moment-curve. 

The same thing applies to finding the metacentres, internal 
Totnmes or tonnages, etc., etc. 

The reason for this is obviona — in determining some quality 
connected with rt continnons solid, we have to sum up the qoalities 
of the elements of the solid, which ti^ther go to make up the whole ; 
hence the operation is one of anmrnation, or, as it is called mathe- 
matically, integration. 

If we can put down in a graphic form the items which we wish 
to sum up, tha summation resolres into finding the area of the curve 
by which we have graphically represented the quantities we have to 
sum. 

In the case of a simple curve, Fig. 1, the summation Is represented 

by finding the vatne of y . Stlz, which is generally written ^ . (2x. 

If we have another summation to make in which y is not simply 
expressed as y, but as some complex combination of y, such as— 

or J* . dx, 

we may write for y*, Y, or for y«, Y,, and so express our summation 
as 2Yi dx, or 2Y, dx. Where the values Yj and Y^ will be the 
ordinateg of a new curve, each ordinate of which represents the y* 
and y^ of the original curve. A list of integrals representing some 
of the operations in sliip calculations, is ^ven in the Appendix, p. 189. 

Before describing TchebychefT's Eule, it may be interesting to say 
a little about some rules which are in common use. The simplest is 
known as Simpson's First Rule, and is based upon the assumption 
that the curve whose area has to be found coincides (to the required 
degree of accuracy) with a series of parts of common parabolas. 

Suppose A B C D, Fig. 2, to be a curve whose area is required ; 
AB, BC, CD, are each assumed to coincide with the common 
parabola which will pass through the extremities of the ordioates 

12 
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yj y« y» Vs y* Vtf Vs Vn y?* respectively. These ordinates are equi- 
clistant, and if A be the interval between them, the area of the cnnre « 

ih (^1 + 4^2 + 2^3 + 4^4 + 2^5 + 4ye+y,) (1) 

This Bule is based on the simpler case of three ordinates such 
as ifi y^ Vz > ^he area of the curve between y^ and y^ being =» 
7^(^1 + 4^2+^8)* ^^ ^^ make up any number of sections, such 
as A B, B C, C D, and find the area of each separately, we shall 
obtain the same result as is obtained in (1). This is the most 
commonly used rule in ship calculations in this country. 

Another is known as Simpson's Second Rule, and is expressed 
^y I* (yi + 3y2 + 8y8 + 2y4 + 3y, + 3^^, + ^^). It is founded on 
the rule for the area between ordinates y^ and y^ which is 

S^ (yi+sya+^ys+yJ- 

The Rule most commonly used in France is that known as the 

Trapezoidal Rule, and is based on the assumption that if we take 

the ordinates of a curve, the area of which we wish to find, close 

enough together, we can join the ends of consecutive ordinates by 

straight lines, and the area of all the trapezoids formed by 

two consecutive ordinates will approximate to the area of the 

curve within any required degree of accuracy. In Fig. 3 

h 
y^ y^ are two consecutive ordinates, and >- {^i + y^ will be the 

approximate area of the part of the curve between these ordinatea. 
Extending this to seven ordinates, the area will be = 

■L 

"2 (yi+y?) *(y2 + yH + y4+y5+y6)• 
obviou8ly, the accuracy of this Rule, as also of the others, depends 
upon the closeness of spacing of the ordinates. 

In all these cases the ordinates are spaced equi-distantly, though 
for some purposes intermediate ordinates are introduced, but they 
always bear a direct proportion to the equally spaced ordinates. In 
TchebychefiTs Rule, the ordinates are unequally spaced and always 
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bear a definite proportion to tlie length of the baae of the curve b 
be integrated. The area of a curve may be found by Tchebycbeff' 
Method with 2, 3, 4, 5, 6, 7, or 9 ordinates, or with an; 
multiples or combinations of these. With 8 ordinates there is m 
practical rule. 

Table A. ^vea the spacing of these ordinates in proportion U 
the h&lf-leagth of the base of the curve. When the ordinatei 
have been drawn iu their proper places, they are measured off ant 



TABLE A. 

TCHEBYCHBFF'a ABSCISSA 



2. 


3: 


4. 


5. 


6. 


7. 


9. 














■91159 










■8662 


■88386 


■60102 








■8325 


■4225 


■52966 


■52876 




■707107 


■794654 


■3745 


■2666 


■32391 


■16791 


•577350 


■000000 


■187592 


■0000 


■2666 


■00000 


■OOOOO 


■577350 


•707107 


■187592 


■3745 


■4325 


■32391 


•16791 






■794654 


■8325 


■8662 


■52966 
■88386 


•52876 
•60102 
■91169 



added tc^ether, the total sum being multiplied by the whole lengtt 
of the curve and divided hj the number of ordinates. Th( 
simplicity of this rule is obvious. With 9, the maximum numbei 
of ordinates, the work is no more than with 9 ordinates in th( 
case of the Trapezoidal Rule. 

The question of the mathematical accuracy of this rule has been 
discussed very fiilly by Professor Kriloff, and he has given soni« 
examples showing the extent of the inaccuracy with a varying 
number of ordinates. A summary of his results, all reduced tc 
coefficients of area or ratios of the actual area of the carve to tht 
circumscribing rectangle, is given in Table B. 
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There are two sections, one amidships, and one at aboat one-third 
of the length of the ship from aft. Results are also gi^en for the 
load water-line. Results by Tchebycheff's Rule are also compared 
with Simpson's, and in some cases with the Trapezoidal Rule. 
I have also extended the comparison to the cases for the midship 
section for 2, 3, 4, 5, and 6 ordinates. The results are given in 
Table C. 

TABLE B. 



Midship 
Section. 



After 
8ectioD. 



Exact value, -8351 -5903 

Tchebycheff, 7 ords. ... -8354 5904 

9 „ ... -8348 — 

14 „ (two series, 7 each) — 

Simpson, 8 ords. ... -8341 -5942 



9* 



99 



Load Water 
Line. 

•80662 
•8076 
•8064 
•8066 



99 



)* 



10 
21 



>i 



n 



'5914 



Trapezoidal, 21 ords. ... — — 

„ 21 „ and 3 half ords. at each end, 



•8064 
•8033 
•80665 



TABLE C. 



Exact value, 
TchebycheflF, 2 ords. 



99 



>> 



)* 



n 



>» 



Midehip Section. 
•8351 
•8540 
•8468 
•8896 
•8378 
•8352 



In order to test this matter in a more practical way, the rule 
has been applied to find the displacement of several forms of 
varying degrees of fineness; and Simpson's First Rule and the 
Trapezoidal Rule have also been applied to the same forms. The 
displacements have also been found by Amsler's Integrator, and 
the comparative results are given in Table D. 
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DiSPLACEHGNT BY FOUB METHODS. 
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Mbthod. 


Cargo and 

Pamenger 

Ship. 

640- X fi©'. 


Torpedo 
Boat. 

151-8' X 16-4'. 


Faasenger 
Ship. 

270' K 35'. 


Mail 
Steamer. 

640' X 64'. 


Full Cargo 
Boat. 

leer x 26'. 


Tchebycheff 's, - 
Integrator, 
Simpson's, 
Trapezoidal, - 


Toub. 
18,419 

18,371 
18,294 
17,559 


Tons. 

155-26 
153-17 
152-80 
150-66 


Tonn. 

1142-9 
1141-4 
1137-6 

1118-8 


Tons. 

15.666 
15,560 
15,310 
14,497 


Tons. 

1110-15 
1105-50 
1101-00 
1060-00 


Block CJo-efficient, 


•72 


•44 


•48 


•63 


-78 



Table E shows the results for a particular form by the four 
different methods, of the calculation of displacement, area of water- 
line, area of midship section, and position of centre of buoyancy 
both horizontally and vertically. In each of these cases the number 
of ordinates for water lines by Tchebycheff's Method is 7, and for 
sections 5. The corresponding numbers for Simpson's and the 
Trapezoidal Rule are 17 and 9 respectively. 

TABLE E. 
Particulars of S.S. 270' x 35' by Four Methods. 



Method. 


Dis- 
placement. 


Area of 
W. Line. 


Area of 
Mid-Section. 


Vertical 
C. B. 


Horizontal 
C.B. 


Tchebycheff's, - 
Integrator, 
Simpson's, 
Trapezoidal, - 


Tons. 

1142-90 
1141-40 
1137-60 
1118-13 


8q. Feet. 

5893-6 
5892-8 
5818-5 
5805-0 


8q. Feet. 

271-00 
271-36 
270-50 
265-05 


Feet. 

5-191 
5-160 
5-203 
5^272 


Feet. 

2-404 
2-334 
2-376 
2-457 



Table F shows all the work necessary to find the displacement up 
to a given water line by the Tchebycheff Method. The figures in 
the columns headed totals are the arithmetical sum of the ordinates 
The factor is the product of the length and the draught, divided 
by the product of the number of ordinates in each integration and 
by 35 to change cubic feet to tons. 
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Tables Q and H show the work that is necessary to find the 
horizontal and vertical position of the centre of baoyancf. 
TABLE G. 
Horizontal C.B. 



After Body, ... 
Fore Body, ... 


Sums of Ordinates. | 


6-50 

6-60 


43-46 
37-29 


64-11 
57-91 


Differences, ... 
Distances, 


-•10 
119-32 


6-17 
71-5 


6-20 
43-72 




-11-932 


441165 
-11-932 


27106 



291-19 700-283 



TABLE H. 
Vertical C.R 



2-4Q4 C.B. Abaft 
midehip sect 



Above Middle Line, - 
Below Middle Line, - - 

Differences, 

Distance from Middle Line, 


Sumn of W. Lilies. 


74-84 
■29-00 


69-72 
64-39 


45-84 
3-82 


15-33 

1-72 



26-367 
176-10 



175-10 

291-19 I 201-467 

■691 
Middle Line Distance from Base, 4-6 



5-191 C.B. above Base. 
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Table K shows the work that is necessary to find the area of a 
water line. 

TABLE K. 
Area of 9 0' Water Line. 



2-5 


130 


16-2 


17-5 


14-5 


10-3 


2-4 



Sum of Ordinates = 76-4 

Factor 77142 



5893-64 Area. 



Length x 2 270 x 2 ^^,,^ 

Factor = ^-- = — = 77*142. 

7 7 

Table L gives some results of calculations with a very small 

number of ordinates by TchebychefiTs Rule. On the left hand side 

is the result of the calculation by Simpson's Rule, with 17 ordinates 

longitudinally and 7 vertically. 

TABLE L. 
Comparison of Results by Tohebyohefp's & Simpson's 

Methods. 



No. of Ordinates: 
Longitudinal, 

Vertical, ... 

Displacement, ... 
C.B.fromMid-Sec., 
O.B. above Keel, 
B.M. Metacentre^i 
above C.B., j 


Simpson 


Tchebycheff. 


17 


7 


4 


3 


2 


7 


5 


4 


3 


2 


1663-2 
3-25 
6-8 

8-2 


1668-4 
8-36 
6-787 

8-307 


1677 
2-245 

6-707 


1623-4 
3-84 
6-770 


1490-2 
7-8 
7-09 
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From these tables it will be seen that with seven ordinates longi- 
tadinally and five vertically, Tchebycheff's Rule compares very 
closely with Simpson's, with much closer spacing ; but that with 
less than four ordinates longitudinally and four vertically, the results 
are not very reliable ; though in the matter of displacement, even 
ivith three longitudinal and three vertical intervals, there is only an 
error of 2 J per cent. 

Tchebycheff's Method is not very readily applicable to finding 
displacement for a graduated series of water-lines. With Simpson's 
Rules it is possible to find the displacement, up to say six feet, by 
water-lines spaced two feet apart, the portion of the volume between 
the keel and the two-feet water-line being divided by a one-foot 
water-line. Bejond this the displacement from six feet to ten feet 
can be found by water-lines two feet apart, and added to that up to 
six feet; and so on for any number of multiples of four-feet 
draught. All these water-lines go to make up the total number 
of ordinates necessary to find the displacement up to the load 
water-line ; and with a very small amount of additional work it is 
very easy to find the displacement at draughts of six, ten, fourteen 
feet, etc. By the Tchebycheff Method, having unequally spaced 
water-lines, the displacement at one water-line has practically no 
relation to that at another, so that to find the displacement up to a 
series of water-lines requires an amount of work about in proportion 
to the number of water-lines for which the displacement is required. 

Probably, the greatest advantage is to be obtained from the use 
of the Tchebycheff Rule for displacement, by taking the ordinary 
set of lines and drawing in the half-breadth the position of the 
Tchebycheff ordinates, nine in number. Sum up the ordinates for 
each water-line separately, and make of these sums a curve whose 
ordinates are spaced as the water-lines. To obtain displacements to 
different draughts, by finding to these draughts the area of this curve, 
Simpson's Rules may be used more advantageously than Tchebycheff's, 
and an integrator or planimeter still more so. Tchebycheff's Method 
may be also applied to find the C.G.'s and moments of W.L.'s longi- 
tudinally, as well as the longitudinal and transverse moments of 
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inertia, and these results plotted in a similar way to those of the 
areas. By integration by any method from these curves, the 
longitudinal and vertical C.B/s may be found. 

Generally, the Tchebycheff Method may be used longitudinally 
for finding all the qualities connected with water-lines, but when 
the integration is vertical and is required to be done for more than 
one stage vertically, the Tchebycheff Method does not economically 
apply. To find the stability of a ship in any condition of lading, 
necessitates a knowledge of the position of the C.B. for any displace- 
ment at any angle of heel ; and also the position of the CO. of the 
ship in that condition. The polar method of integration, known as 
Barnes' Method, gives the relative horizontal position of the C.B. 
and the G.G. The longitudinal integration of 

y . dx, y^ . dXj t^ . dz, 

is first performed for submerged and emerged wedges for a series of 
radial planes. These values are then integrated polarly, and the 
values : — 

^{{i/.dx.de = Volume of Wedge, 

^ \i/^.dx.d6*^ Moment of Wedge, 

are obtained. These two operations of longitudinal and polar 
integration are usually done by Simpson's Rules. TchebychefTs 
Rules will more simply and quite as accurately do the longitudinal 
integration, but the objection which has been stated to their use 
for finding displacements at gradually increasing water-lines applies 
to their application to polar integration. It seems that the 
combination of Tchebycheff's for longitudinal integration and 
Simpson's for polar, will give a simpler method of obtaining 
stability polarly than by the ordinary Barnes' Method, where 
Simpson's Rules are used throughout. 

If we want to find a cross curve of stability, that is, a curve of 
horizontal variations of C.B. in terms of draught for a given angle of 
heel, the longitudinal integration can, as before, be most simply per- 
formed by Tchebycheff's Method. The two methods of obtaining 
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the position of C.B. for a given draught are : Isi^ Find the area and 
moment of each of a serieR of transverse sections and integrate these 
longitudinally ; 2nd^ Find the area and moment of each of a series 
of parallel water-lines and integrate the results vertically. Tcheby- 
cheff's Rule applied to method (1) to find the area and moment of each 
section, involves drawing differentially spaced ordinates for each 
section, for each draught, and the work is very great. Applied 
to the finding of the area and moment of water-lines by method 
(2), the same difficulty, but to a much less degree, exists, as the 
inclined water-lines vary in length, especially in a fine ship, and 
the sections which would do for some water-lines will not do for 
all. If the areas and moments of equally spaced water-lines formed 
on the assumption that all the water-lines are the same length, be 
plotted so as to make a cross area- and cross moment-curve, we can 
apply Simpson's Rules to find the volumes and C.B.'s of the solids 
cut off by gradually increasing draughts. An example of this is 
given in Fig. 4, where the areas and moments of equally spaced 
water-lines found by Tchebycheff's Method are plotted, and the 
results integrated vertically by Simpson's, giving the cross curves 
shown in Fig 5. (K.N. is the perpendicular distance from the top 
of keel to the vertical through the C.B. in the inclined position.) 

From these, curves of stability, as shown in Fig. 6, have been 
deduced, and the same curves obtained independently by the inte- 
grator are shown in dotted lines. The comparison is not a bad one, 
but on carefully examining the area- and moment-curves in Fig. 4, 
it was found that when water-lines were drawn more closely the 
curves were different In Fig. 4a the spacing has been halved 
with the comparative results shown. This points to inapplicability 
of the Tchebycheff Method of integration to this calculation, and to 
the necessity for the use of the integrator in finding cross curves. 
No doubt, the greater the number of ordinates that are used the less 
error there will be in both Simpson's and Tchebycheff's Methods, 
but the error may be much larger in Tchebycheff s Method than in 
Simpson's for the same number of ordinates. Though the results 
of the integration of such erratic curves as are shown in Fig. 4, 
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does not in any case give widely different results from that obtained 
by the integrator, it may not always so happen. 

The best method of obtaining the advantage of the simplicity 
of the Tchebycheff Method seems to be to make sections at intervals 
where Tchebycheff Ordinates come longitudinally, and to find the 
area and moment of these sections by the integrator. The simple 
addition of the Tchebycheff Method enables one to continually run 
the integrator round the sections from forward to aft and take 
only the final readings. This would naturally have to be done 
separately up to each draught at which it was desired to obtain 
results. The error due to water-lines being of unequal length 
woald be as great in this case. To reduce the errors due to 
variation of length of water-line, it is necessary to increase the 
number of ordinates. Probably 14 in a full ship and 18 in a fine 
one would bo necessary. 

For many purposes the simplicity of the Tchebycheff Rule will 
lead to its adoption, but for some cases such as have been referred 
to, the cause of its simplicity will also be a cause of error. I trust 
that others may be interested in the application of this simple rule 
to cases where it can be suitably applied. 
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APPENDIX. 



Area of Section 



IjISt of Integrals. 



•«• ••• ••• ••• 



= y . (f a:. 

Moment of area about axis parallel to OX = i\y^ » dx, 

= \xy , dx. 



Do. about axis parallel to Y 



Volume of Displacement . . . 



dx . dz. 



Moment of Do. about plane of Z X = ^ U^ . (^a; . (^2;. 



Do. about plane of Y Z 



Do. about plane of X Y 



... • • a 



Moment of Inertia of Section in plane 
parallel to XY about axis parallel 
to OY... 



. • . • • • 



dx . dz. 



= Uy . (fic . (f 2:. 
= rjy2 . c^a; . (^y. 
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Disc2i$sion. 

The discussion on this paper took place on 24th January, 1899. 

Mr Robert Cairo (Member) observed that the mathematics deter- 
mining the figures of this formula were contained in two papers, of 
which he had not been able to obtain copies. He had sent for them, 
but they had not arrived, and all that he could do was to consider the 
examples that Prof. Biles had given, and, if possible, make some com- 
parison with such particulars as he possessed. There were one or two 
little faults in the paper which might be corrected. On page 179, im- 
mediately over Table A, Prof. Biles said, " The area of a curve may 
be found by Tchebycheffs Method with 2, 3, 4, 5, 6, 7, or 9 ordinates, 
or with any multiples or combinations of these. With 8 ordinates there 
is no practical rule." It occurred to him that 8 was the multiple of 
2 and 4. Then a little further on Prof. Biles said, " The total sum 
being multiplied by the whole length of the curve, and divided by 
the number of ordinates." He thought that Prof. Biles meant the 
base of the curve. These were mere verbal alterations and, perhaps, 
not of much importance. He had tried two actual cases, in order to 
see whether or not the results would show as close an approxima- 
tion as did the figures of Prof. Biles, one of a single and the other 
of a twin screw steamer using a similar number of ordinates to those 
described by Prof. Biles; viz., for Simpson's Rule 17 longitudinal 
and 11 vertical, and for Tchebycheffs Formula 4 and 4, and 3 
and 3 — but he did not go to 2 and 2, because Prof. Biles had shown 
that it did not sub-divide sufficiently — and he found that in one case 
the approximation was extremely close. In the single screw steamer 
the displacement given by Simpson's Rule, with 17 longitudinal and 
11 vertical ordinates, was 11,731 tons; and by Tchebycheffs Formula, 
with 7 longitudinal and 5 vertical ordinates, it worked out at 11,719 
tons, which was extremely close. With fewer ordinates, viz., 4 and 4, 
he got 11,643, which was again very close indeed. With 3 and 3, 
instead of falling the displacement rose, it was 12,274, so that the 
approximation of the displacement corresponded very closely with 
that found by Professor Biles. In determining the distance of the 
centre of buoyancy from the midship section, he found very wide 
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CoMPAiusoN OF Eesults bt Tchebtchbfp's and Simpson'! 
Methods. 



s.s. 




BIMPSON. 


TCHEBYCHEFF. 


No. of Lmhiiliul, 

Ordi- 

nates, ( Vertical, 


17 


7 


4 


3 


11 


5 


4 


3 


Displacement, ... 

C.B. from Mid.l 
Section, ...J 

C.B. above Keel, 


11731 
1-032' 
13-570' 


117190 
0-706' 
13-460' 


116430 

2-022' 
13-620' 


12274-0 
3-094 
13-660 


T.8.8. 




SIMPSON. 


TCHEBYCHEFF. 


No. of Lnfilillui, 

Ordi- 

natea, { Vertical, 


17 


9 


7 


5 


11 


7 


5 


5 


Displacement, ... 

C.B. from Mid.) 
Section, ...f 

C,B. aboTe Keel, 


13037-0 

0-950' 
13-410' 


13161-0 
1-322' 
13-260' 


130940 
1-504' 

13-280' 


13088-0 
2-146 
13-38S 
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discrepancies. In the particular case which he had just cited, he 
obtained, by Simpson's Rule, 1-032 feet ; and by Tchebycheffs, 0-706, 
2-022, and 3*094 feet, respectively; these figures showed a very 
wide divergency. On the other hand, the distances of the vertical 
centre of buoyancy above the keel were in close agreement — Simpson, 
13-570 feet; and Tchebycheff, 13-460, 13-620, and 13-660 feet, 
respectively. In the case of the twin screw steamer, the displacement, 
according to Simpson's Rule, was 13,037; by Tchebycheff s Formula 
the displacement was 13,161 taking 9 and 7 ordinates, 13,094 taking 
7 and 5 ordinates, and 13,088 taking 5 and 5 ordinates. The 
longitudinal centre of buoyancy from the midship section, accord- 
ing to Simpson's Rule, was 0950 feet; and by Tchebycheffs, 1-222, 
1 -504, and 2-146 feet, respectively. The figures for the vertical centre 
of buoyancy above the keel were again very close, the results being, 
by Simpson's Rule, 13*410 feet; and by Tchebycheffs, 13-260, 13-280, 
and 13-385 feet, respectively. The result of the working, he thought, 
went to show that there was little, if anything, to be gained by this 
method, as against Simpson's Rule. It looked at the start as if much 
less work would be involved; but, as a matter of fact, the calculations 
required for the abscissae sub-division, being arbitrary, were so much 
greater than by Simpson's Rule, that the whole operation was really 
more lengthy. Then, again, by Simpson's Rule, one could take out 
a different draught by simple subtraction, whereas by Tchebycheffs 
Method a start had to be made from the very beginning in every 
calculation, and there was more work involved. For these reasons 
he was inclined to look upon it in its application as an extremely 
interesting curiosity. 

Mr W. J. Luke (Member) said Prof. Biles had a little to say 
about Simpson's First and Second Rules. If a very long curve had to 
be dealt with, it was customary to make a continued application of 
the Rules by taking the well known multipliers 1, 4, 2, 4, 2, 4, and 
so on, because the higher Simpson's Rules had multipliers which 
were very awkward to use. Some of those Rules were set out in 
Mackrow's pocket-book, but they had been carried still farther by 
the late Mr Merrificld, and published in the British Association 
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Report for 1880. There any one would clearly see that Simpson's 
higher ordinary Rules were entirely prohibitive in their use ; for 
instance, the outside multiplier for the rule of 1 1 ordinates came 

to , and of the various multipliers with which the ordinates 

would have to be affected the smallest was 16,067 and the largest 
427,368. This gave the best clue to the reason that had led to 
the adoption of the Ordinary Method, continually using the First or 
Second Eule over and over again along the curve, and he thought 
that that might be done with Tchebycheff's Rules in the same way. 
Referring to Table A, they had Rules for 2, 3, 4, 6, 6, 7, and 9 
ordinates. He considered that all the advantages which were to be 
obtained could be got from the first two Rules. It was perfectly 
obvious that, if they wanted to use the Rules as set out in the table 
they must have a book to see how the ordinate intervals were to be 
placed, but if a continuous application of the First and Second Rules 
were made this would not be necessary. In the columns headed 2 

and 3 it would be seen that the fractional figure '57735 was —r^^ and 

•707 was — y-, and anyone could remember these figures without 

carrying a book of rules about with him. If, therefore, they took a 
lesson from what had been the result of experience in working with 
the ordinary Simpson's Rules and did the same thing with Tcheby- 
cheff's, they would discard all the Rules applying to 4, 5, 6, 7, and 9 
ordinates, and confine their attention to the Rules with 2 and 8 
ordinates. The figures giving the ordinate positions could be 
remembered with no more effort than was necessary in the ordinary 
Simpson's Rules. Passing on to Table B, Prof. Biles said that 
be had taken it not from his own work, but from one of the original 
papers ; these figures, therefore, called for no remark. Table C gave 
another comparison which he understood Professor Biles had made 
himself, and there he gave the exact value for a certain area, '8351 ; 
Tchebycheff's Rules yielded satisfactory conclusions, except the 4 

13 
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ordinate Rule which gave a result very distinctly wide of the 
mark. It was not apparent how that could be ; it was, perhaps, a 
printer's error, and the figures should be *8396 instead of '8896. 
It was very singular, and if the figure was correct, it was another 
reason for avoiding the 4 ordinate Rule. As the actual detail 
figures were not before them, they could not positively check 
over the work, but it certainly looked a very curious result The 
table for the displacement calculation, Table F, showed how compact 
was the work by Tchebycheflf's Method. Table L gave comparisons 
between Simpson's and Tchebycheff's Methods, and at the top of the 
following page there was this remark, '* From these tables it will be 
seen that with 7 ordinates longitudinally and 5 vertically, Tcheby- 
chefiTs Rule compares very closely with Simpson's with much closer 
spacing." Did Prof. Biles intend it to be understood that with 
7 ordinates longitudinally as good work could be accomplished as 
with 17 taken by the ordinary Simpson's Rule 1 Because if that 
was meant, he felt disposed to dissent from that conclusion. It 
seemed to him that, the best way to arrive at the number of ordinates 
necessary for the practical integration of a curve was to consider the 
number that was deemed sufficient to faithfully reproduce the curve 
graphically, then that would be a satisfactory number of ordinates 
by which to approximate to its area. It appeared very singular if 
it required 17 equally spaced ordinates to reproduce a curve which 
could be reproduced with sufficient exactitude by 7 ordinates spaced 
in another arbitrary way ; and he would like to have seen a com- 
parison with fewer Simpson's Ordinates and another column added. 
Possibly Prof. Biles might be able to do that, showing the com- 
parison, say, with 9 ordinates longitudinally by Simpson's Method, 
and perhaps a somewhat less number vertically. He would be 
very much surprised if as good a result could not be obtained 
when using 9 ordinates with Simpson's Ordinary Rule, as with 7 
ordinates by Tchebychefl^s. While on this question of comparison, 
he might say that he had done a little work with this method. He 
used a very close spacing of ordinates vertically in a given case, 
and he did not think there could be any fault with the vertical 
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integration; he took 21 ordinates loDgitudinalty with Simpson's 
and 12 with Tchebycheflfs Method, and he found the results were 
very nearly 1 per cent, different from each other. With the 21 
ordinates in Simpson's Rule longitudinally, one could very fairly 
reproduce the waterlines on paper, but with the 12 in TchebycheffB 
Method that was not the case ; he was, therefore, inclined to the 
opinion that, the discrepancy was more likely to be due to inaccuracy 
by Tchebycheff's Rule as applied by himself — the personal equation 
came in — than to any inaccuracies ejcisting in the application of 
Simpson's Rule. However, every practitioner should try tor himself 
and form his own conclusions in the matter of relative accuracy. 
In practical applications, it seemed to him that, in making what 
was commonly called a displacement sheet, work might be saved 
by using TchebychefTs Rule for the longitudinal integration and the 
ordinary Simpson's Rules for the vertical integration, and it ought 
to be possible to devise a scheme where ail the regular results 
might ha obtained, and the usual figures at different draughts, 
with a saving of labour. At alt events he intended to try that, 
because it was only by trial that one would be able to form any 
satisfactory conclusion as to which was the better of the two 
Alethods, and whether any practical advantages were to be obtained 
by using TchebychetTs Rules. He had also tried it in stability work 
and found that with ihe integrator there was a saving of time ; it 
could be applied equally well to performing stability work with 
one or other of the planimetric methods, and this was another 
question well worth experimenting upon for the benefit of those 
who were not able to avail themselves of the integrator. It was 
generally supposed that in using the ordinary Simpson's Rules the 
First Rule gave arithmetical results which were nearer the truth than 
the Second Rule. If intending operators by TchebychefTs Bules 
followed his suggestion and confined themselves to the First and 
Second Rules, ihey miglit ascertain whether better arithmetical 
results were obtained by taking the First Rule than by the Second ; 
and perhaps in time information might be acquired on this matter 
which the Institution might be glad to have. 
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Mr Gaird — The 7 ordinates in every case gave closer results 
than the 9. 

Mr Frank P. Purvis (Member) said he was very pleased at 
the light that Mr Luke had thrown upon the paper. Mr Luke's 
valuable suggestions had not occurred to him, and he thought that 
Prof. Biles would admit the force of them. In the examples 
given by Prof. Biles and by Mr Caird, the accuracy of Tcheby- 
cheff s Method had been tested against other usual Methods. He 
(Mr Purvis) had tested the accuracy on curves of which one could 
deduce the areas mathematically, and the results he had obtained 
certainly surprised him. Taking the common parabola all the 
Kules, even the 2 ordinate One, seemed to apply with absolute 
accuracy; and their application to the volume of a sphere had 
rather astonished him. Plotting out the sectional areas of a sphere 
the line through the top of the ordinates was a common parabola, 
a point he did not remember having observed before, so that (in the 
case of the 2 ordinate Rule) the area of a single circle correctly 
placed was sufficient to give the exact volume of the sphere, to a 
degree of accuracy corresponding to the number of digits in the 
formula. To the parabola of the fourth order the Rules seemed 
to apply also with a high degree of accuracy, at least all but those 
for 1 and 2 ordinates. But for a circle or complete semicircle, 
which was a very crucial test of the accuracy of any rule, they 
were not so satisfactory. He found that, in using the 2 ordinate 
Rule in a circle there was an error of 4 per cent, and in the 9 
ordinate Rule an error of about J per cent. For the practical use 
of the Rules he thought he could endorse Mr Luke's views, and he 
quite agreed with Prof. Biles in the advantage he pointed out; **That 
the simple addition of the Tchebycheff Method enables one to 
continually run the integrator round the sections from forward 
to aft and take only the final readings.'' In the application to 
stability purposes may not improbably be found one of the highest 
values of these Rules. Any one who had used the integrator to 
a large extent knew the worry of having to continually stop at 
the end of running the point round each single section, and if a 
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number of sections could be grouped so that readings would only 
be required after running round the whole group, the worry and the 
work would be both greatly diminished. There was one point he 
thought rather humiliating in connection with the paper. Prof 
Biles referred back to a French paper which was not very new, its 
date being 1880, so that the French had this subject under considera- 
tion eighteen years ago ; and he understood that the Germans or 
Austrians were at it even earlier; viz , twenty-four years ago. The 
moral seemed to be that while they on the Clyde were very anxious 
to find out what others in the locality were doing, they did not 
trouble themselves very much about what people were doing abroad. 
Mr James R Jack (Member) considered that it was difficult to 
make a fair comparison of this Method with others, as Prof. Biles 
had not expressed a mathematical proof of it. The examples 
tabulated appeared to be in close agreement, and as had been pointed 
out more accurate results were obtained with a small number of 
ordinates. It seemed to him that the accuracy of those results 
was more due to chance than to anything else. With Simpson's 
Rules any desired accuracy could be achieved by increasing the 
number of ordinates, but with TchebychefiTs it was rather the other 
way about. There was a certain maximum that gave the greatest 
accuracy, and increasing the number of ordinates seemed to 
diminish accuracy. Perhaps with the midship section it was 
most difficult to get exact results. Several shipbuilders were in 
the habit of calculating the area of midship section by measuring 
the area between the lowest three ordinates by planimeter, and 
working back by Simpson's First Rule to the first ordinate. In the 
figures quoted by Mr Caird, the vertical centres of buoyancy seemed 
to harmonise very well, while the longitudinal ones appeared to 
dififer, but if these quantities were expressed as ratios to the 
draught and length respectively, he did not think that the difterences 
would be very great. The excessive length dimension would 
certainly make the longitudinal error appear absolutely greater. 
With regard to the higher Simpson's Rules and their application, 
he thought the reason that they were not adopted was not because 
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of their cumbrous nature so much as that no ordinary ship curve 
corresponded with the higher figures. Even a cubic parabola 
required the use of 4 ordinates, and in a great many ship curves 
4 ordinates would not comply with the equations to those curves, 
whereas, with the First Rule only 3 ordinates were required ; and 
if the ship curve itself was not a true parabola, there was always a 
possible parabola which would pass through the ends of the given 
ordinates, and its area would correspond closely to that of the ship 
curve in question. With regard to the statement that the curve 
of areas of a sphere was a parabola, he thought that was almost 
self-evident, as the square of the radius of the section of the sphere 
at any given x value was equal to a constant, minus x^; and the 
area of the section (and consequently also the ordinate of the 
curve of areas) was proportional to that. He thought the reason 
why TchebycheflTs Method had not been taken up sooner was 
because they did not require it. Simpson's Rules were so much 
more accurate than the Trapezoidal Rule, which their neighbours 
across the channel had been using, that the need for a better rule 
did not appeal to them, but if TchebychefiTs Rules were going to 
be more useful he had no doubt that the utilitarian spirit of the 
Clyde would rise to the occasion. 

The discussion on this paper was resumed on 21st February, 1899. 

Mr Robert T. Napier (Member) said that following what Mr 
Purvis had stated at the last meeting he had tested Tchebychelf s 
Rule on some geometrical figures, the area of which could be calcul- 
ated exactly. He had tried a segment of a circle, a semi-ellipse, a 
parabola, and a compound figure, each with a base at least 24 inches 
long. He found that with the ellipse TchebycheflTs Method, taking 
nine ordinates, gave a very good result, while with Simpson's Rule^ 
with ten intervals, the result was 1^ per cent, wrong. With the 
parabola Simpson's Rule naturally gave a practically exact result^ 
while Tchebycheflf showed 2 per cent, error. With the segment 
of a circle and the compound figure Tchebycheffs Method showed 
slightly worse than Simpson's, but both of them gave very good 
results. At the present moment there was no appeal from Simpson's 
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Bule in most drawing offices, bat hj the jadicioas use of the plani* 
meter errors of observation cancelled each other and an accurate 
result could be obtained. One practical objection to using Tcheby- 
cheff's Eule in the drawing office was that almost all shipbuilders 
raised the lines of vessels with sections at equal intervals, and he 
did not think they would be likely to depart from the simplicity 
of this system and adopt irregular intervals. Having sections at 
regular intervals, it certainly was simpler to take the displacement 
from them, than to make a special set of sections for the purpose. 

Professor A. Barr (Member) observed that he did not presume to 
discuss this matter from the special point of view of the naval 
architect, but all engineers were interested in rules or formulae 
that would give a close approximation to the area of a curve not 
obtainable by direct mathematical integration. Simpson's First 
Kule was one of the simplest of these, and it was probably the 
one most generally adopted. As was well known it gave a perfectly 
accurate result for an area bounded by a common parabola, but it 
might be of interest to the members to have an independent proof 




Fig. 7. 
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or illustration of its approximate truth for other fair curves. Let 
an area, A B M N (Fig. 7), be divided into two bands of equal breadth 
hj an ordinate P c, and again into three bands of equal breadth by 
ordiuates q d and R £. Draw the tangent to the curve at c, meeting 
the ordinates Q D and R E in D and E respectively. Join a d and £ B. 
It would be seen that the area of the polygon, A D E B M N, was a 
close approximation to the area of the curved figure A c B M N. 



The area of the polygon was — 
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Fig. 10. 
This was Simpson's Kule for an area of two bands. In this 
expression the importance given to the middle ordinate was four 
times that accorded to each of the end ordinates, which was reason- 
able, since — as would be seen from Figs. 8 and 9 — any change in 
the length of the middle ordinate affected the area much more than 
a corresponding change in the length of one of the end ordinates, 
ao long as the curve was fair and not altered in general character. 
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For an area divided into any even number of bands — say 6 — 
Simpson's First Rule was applied by adding the expressions for the 
areas of portions each of which comprised two bands. • Thus, for 
6 bands the formula was : — 

Area = ( A^ + 4 /i^ -h 2 A^ + 4 Ag + 2 A^ -f 4 ^5 + hA ^w 

But when the number of ordinates was considerable, there was no 
good reason why greater importance should be given to one ordinate 
than to its neighbours in the central portion of the area, as was 
done in Simpson's Formula, where the coefficients were 4 and 2 
alternately. Starting from this consideration the late Prof. 
James Thomson — in January 1874, and at subsequent dates — 
devised several formulae in which equal weight was given to all 
the ordinates except those near the ends. He would only refer at 
present to one of these, the simplest one, which might be called 
Thomson's First Kule. The rule was more rational than Simpson's 
in the sense referred to, and — in many cases — less laborious to use. 
Like Simpson's Rule, it was perfectly true for an area bounded by a 
parabola. It was derived in the following manner: — Divide the 
area into any even number of bands, say six, and bisect each end 
band as shown in Fig. 10. Then, by Simpson's Rule : — 

Area = (h^ +4^^ + 2A2 + ^Ag + 2h^ + ih^+ A J ^ 

Alsoarea=] 2 2 kr 

i + h^+ iK+ 2h^ + 4 A^ + h^ j"^ 

Adding these expressions and dividing by 2, then — 

Area-^ 6 ^6^6 60^6^ 6 ^6 ^ 6 )^ 

It would be seen that, in this Rule, there were easy multipHers for 
the 3 ordinates at each end of the curve, and that all the other 
ordinates had unity as the coefficient. The formula would give a 
very good approximation to the area whether the number of bands 
was even or odd, provided that the number was considerable. It 
seemed to him that Thomson's Rule would be simpler to work in ship 
calculations than TchebychefiTs, since no doubt naval architects 



202 M. tchebycheffVs formula. 

Frof. A. Barr. 

would in any case continue to use equi-distant sections in designing 
skip formsy and consequently the sections required by Thomson's 
Eule (except possibly the half-space ones) would be already drawn, 
whereas special sections were required for the application of 
TchebychefTs Formula. The Rule had also, in a considerable degree, 
the advantage referred to by Prof. Biles in the second last paragraph 
of his paper, p. 188, inasmuch as the sum of all the central sections 
could be taken cumulatively by a mechanical integrator. Thomson's 
Eule hud, so far as he knew, never been published, but he presumed 
that the oral demonstration of the rule to the engineering classes in 
the University constituted a sufficient publication to establish a 
claim to priority on behalf of Dr. Thomson, should it have been 
independently proposed by any other person during the last twenty- 
five years. He (Prof. Barr) was indebted to Mr James Thomson, 
of Newcastle, for his kindness in lending him Dr. Thomson's notes, 
from which he had confirmed his recollection of the formula. 

The Chairman (Mr Robert Caird, Vice-President) said that 
Eadau, in a most exhaustive paper on the numerical value of 
definite integrals (referred to by Prof. Biles), had analytically 
treated all the known formulte of quadratures, and given ap- 
proximate values of an extremely general integral calculated 
according to those formulae, with their errors to the eighth decimal 
place, and classified in terms of what he called "the degree of 
precision." Kriloff had pointed out that, of these, there were three 
representative general formuhe — those of Gauss, Cotes, and Tcheby- 
chefF — Simpson's being only a particular case of Cotes'. Taking 
them in their order. Gauss' required separate coefficients for ordinates 
and abscissae; Cotes', taking equidistant ordinates, required only 
coefficients for the ordinates; while Tchebycheff's, making the 
ordinate-coefficients constant, required only the coefficients of the 
abscissae to be calculated. Looking at Tchebycheff's and Simpson's 
Eules, the maximum degree of precision was attained, in the 
first, when the number of ordinates taken equalled the highest 
power in the expansion of the function in a finite series, 
whereas, in Simpson's, it was attained with one more. Therefore, 
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for a fair comparison between the two, each rule should be applied 
on its own proper conditions, and not as they had been doing, in 
view of the least work in practice. For example, in the case of an 
area limited by a parabola of the second order, Simpson's Rule with 
three ordinates should beT^compared with Tchebycheft's with two. 
Under these circumstances, both would give absolutely accurate 
results. Mr^ Napier said that, in testing a parabola, he found 
the rule was approximately true, but, if he had applied it to a true 
parabola of a known equation, Tchebycheflf 's and Simpson's Methods 
would have^given absolutely correct results. Taking a parabola of 
the third order, Tchebycheft' required three, and Simpson four 
ordinates for maximum precision, using, of course, Simpson's Second 
Kule. If an'expansion were taken having powers higher than those 
upon which the formulae were based, an error was introduced, but 
it was limited to the evaluation of the terms constituting the 
remainder. It might be useful to prove Tchebycheff's Rule in the 
manner usually employed for Simpson's in text-books, such as, for 
instance, Thearles' : — 

Take y = a-\-hx + cz^ as the equation of the curve, with the 
origin midway between the limits. Let h = Simpson's abscissa — 

then — =- = Tchebycheff's abscissa for two ordinates. 

When x = .., y, —a - b — - + c -- 

, fi ^ I. ^ ^ .^^ 



By Tchebychetf : Area = ?^ (y^ + y.) 



3/ 



h 
= 1 (a + bx + cx^)dx. 
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So that TchebychefFs Rule was rigorously exact for parabolic curves 
of this order. When he was dealing with this rule at the last 
discussion, he thought it was only an interesting curiosity, but he 
confessed that he had been entirely converted. He thought now 
that the rule might be used in very many cases to great advantage, 
and he found that in some cases it was much shorter than Simpson's^ 
He took, for instance, a curve of half areas, and calculated its area 
in three ways — by Simpson's with 15 ordinates (10 divisions and 4 
sub-divisons), by TchebychefFs with 15 ordinates, and by plani- 
meter. With TchebycheflTs he took the 15 ordinates in series of 
three. In that way he used only one co-efficient, and it would be 
seen that that made a very short calculation indeed. He thought 
it was Mr Luke who had suggested that a saving in labour 
might be effected by using only the co-efficients for either 3 or 2 
ordinates. If they divided the base of their curve into equal 
divisions, and applied the 3-ordinate co-efficient for Tchebycheff's 

abscissae; viz., -^, they could take each portion by itself, find 

its area by Tchebycheff's Rule, and, by simple summation of these 

partial areas, get the area of the whole figure. The following were 

the comparative results so obtained : — 

By Simpson's Rule, "j 

with 15 Ordinates - Displacement = 5534 tons. 
(10 Divisions and 4 Sub-Divisions) ) 

By Tchebycheff's Rule, \ 

with 1 5 Ordinates - „ = 5530 „ 

(3 repeated 5 times) j 
By Planimeter, „ = 5560 „ 

Correspondence. 
Mr J. Rennie Barnett (Member)— Observed that this method 
might be good, but unfortunately from the little they had heard 
about it, the impression left was that it was not so good as the 
other methods at present in use. However, it was certainly absimi 
to think of trying to find the area of almost any curve met \nth 
in ship designing, by using 2, 3, or 4 ordinates only, either by 
Tchebycheff^s or any other method, however excellent it might be. 
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Yet both Prof. Biles and Mr Caird had given examples of that 
sort. Mr Ruskin long ago had shown that any number of curves 
could be drawn through the same spots when there were only 3 to 
cut. One thing seemed pretty certain, there was no saving of time 
by adopting this method, and that was perhaps the chief point 
next to accuracy in determining its practical use. If any time were 
saved by its use at one point, it was lost elsewhere. Then again, 
the method of continually running round the sections from forward 
to aft, and thereby taking only the final reading, was applicable, in 
many cases, both to Simpson's and the Trapezoidal Rules. It was 
interesting to learn from Mr Purvis that the French knew of 
Tchebycheffs Method eighteen years ago — they were always ahead 
of us in these things — but surely it was very significant that after 
knowing it all that time, they still preferred the Trapezoidal Rule. 
What would seem to him the best use perhaps to put this method 
to was in working backwards, as it were — constructing, say, a curve 
of sectional areas — one could approximate to the curve wanted 
with comparatively few ordinates. 

Mr W. HoK, Sunderland — Considered the Institution was greatly 
indebted to Prof. Biles for drawing attention to the system of M. 
Tchebycheff. As far as he knew, no other method of corresponding 
simplicity equalled or exceeded this method in accuracy. Judging 
by the calculated results embodied in the paper, this method 
appeared to give results within 1 per cent, of actual values, at 
all events as regarded areas and volumes. In connection with this 
matter, he would like to ask Prof. Biles to state in his reply if both 
the horizontal and vertical integration were obtained with the 
integrator in the examples given in his paper, if so, assuming the 
integrator and drawings absolutely accurate and the integration done 
with great care, the accuracy of M. Tchebycheffs Method should be 
judged by the results obtained with the integrator and not by the 
standard of Simpson's Rule. Then Tchebycheffs Rule appeared fully 
as accurate as Simpson's Rule, and was under certain conditions 
infinitely simpler. During the last fortnight he had calculated 
numerous waterlines for vessels -45, '65, and '80 in fineness ; and 
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within this wide range the accuracy obtained was truly remarkable, 
and equal to that obtained by Prof. Biles. The great objections to 
this method, as far as this country was concerned, were that the 
sections and waterlines had to be spaced differently to custoni, 
involving work that only skilled ships' draughtsmen could do, and 
that to obtain a complete displacement curve the vertical integra- 
tion had to be repeated for every spot required. Regarding the 
actual time necessary for making the single integration of a water- 
line or a section by Tchebycheff's Method, it M'as very much shorter 
than that required for Simpson's Rules, and he thought the 
accuracy of the two rules was in almost all cases equal — probably 
Tchebycheft''s Method with 5 ordinatcs was as accurate as Simpson's 
Method with 10 ordinatcs, Tchebycheffs with 7 ordinates equal to 
Simpson's with 14 ordinates, and so on — and when a double 
integration was required, as in the case of obtaining a volume, 
drawing new sections (assuming the ordinary sheer draught avail- 
able) and performing as many calculations similar to that on 
page 182 of Prof. Biles' paper, as spots were required for the dis- 
placement curve, would not occupy any more time than calculating 
the displacement curve by Simpson's Rule. But in any case the 
gain by adopting Tchebycheffs Formula in this instance would be 
so very small, if any at all, that he thought it was not worth 
while making the change. But the method could be used on many 
occasions when for rapidity Simpson's Rule had no chance against 
it The designer of lines might, for instance, space his rough 
preliminary sections according to Tchebycheffs Formula, and 
calculate his displacement to the load draught by the process 
shown in page 182, in next to no time. This was of great advantage 
as every designer knew who had to fine or fill out his sections and 
go on calculating the displacement until he hit upon the right one. 
He could think of another advantage. One might wish to know 
the displacement f nd fineness of a certain ships' model ; and no 
method could be simpler to use in such a case than that of M. 
Tchebycheff. To mark off the positions of the sections in their 
proper places along the keel, make five or perhaps seven moulds 
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SO as to obtain the form of the model at these places, transfer the 
sections to a sheet of paper and calculate as per page 182 was not 
one-quarter the work required as if Simpson's Rules were used, for 
by TchebychefTs Formula they had only one-half the number of 
sections and no multipliers whatever. TchebychefTs Method could 
always be used with great advantage whenever the question 
resolved itself into calculating the whole of an area pure and 
simple. He concluded by thanking Professor Biles for having 
drawn the attention of the shipbuilding community of this country 
to M. TchebychefTs remarkable Method in this interesting and 
valuable paper. 

Professor J. H. Biles in reply said he was exceedingly gratified 
that his paper had excited so much curiosity and interest. This 
subject of TchebycheflTs Formula was only one small part of a very 
wide theme, which had excited from time to time almost as 
much interest as the Dreyfus Affaire. It was the great subject of 
quadrature which had brought forward a great many rules. That 
night Prof. Barr had drawn attention to an interesting rule which 
he did not remember of having seen before. There were one or 
two nlodifications of Simpson's Rule which led to similar results 
where, as in the case given by Prof. Barr, the great bulk of the 
ordinates in the centre might be multiplied by 1. Some possessed 
the drawback that the end ordinates had to be manipulated in a 

special fashion, but they all led to equally satisfactory results with 

5 

Simpson's Rule. With regard to the Rule known as the —• Rule, the 

8 

first ordinate was multiplied by 5, the second by 8, the third 
by 1, and the sum by — of the interval, which gave the area 

between the first two ordinates. Applying this Rule in succes- 
sion to get the whole area of a figure bounded by a curve 
defined by a number of ordinates, a rule similar to that 
brought forward by Prof. Barr would obtain. Some of these 
rules were very interesting, but practically speaking the only one 
that had stood the test of time, and had become generally used 
in making calculations, was Simpson's Rule ; and this Formula of 
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TcbebychefTs was, he ventured to think, a rale that in some cases 
might be used in preference to Simpson's Rule. It had a high 
degree of accuracy, and in some cases could be employed with 
less work. He did not mean to say that it could be employed in 
every case with less work, but he thou.sjht if it were kept in view 
by those who were constantly using Simpson's Rule, they would 
save themselves a great deal of trouble. He was no worshipper of 
this particular Formula, but he thought that it could be made useful, 
and he did not think they need throw over Simpson's Rule because 
they had discovered this one. He had no opportunity of correcting 
the paper after it was printed, and he would thank Mr Caird 
for making one or two small corrections. With regard to the 
statement " that with 8 ordinates there was no practical rule," what 
he intended to convey was that there was no practical method of 
finding the area with 8 ordinates by Tchebycheffs Method. The 
solution of the mathematical problem led to imaginary multipliers 
which were not very useful to handle. The correction of the term 
" the whole length of the curve " to " the length of the base of the 
curve " was one which ought to have been made, and he hoped that 
Mr Caird when he spoke of the length of a ship did not 'mean 
the length round the keel or the water line; but it .was a proper 
correction to make. One point of real importance was the question of 
finding the longitudinal centre of buoyancy. The calculations which 
he had made showed that by Tchebycheff's Rule the longitudinal 
position was very different from what it was by Simpson's. As 
Mr Jack had pointed out, the error might not be a large percentage 
error because it was taken from the middle of the ship and not in 
proportion to the whole length of the ship. If, instead of using 
seven ordinates in integration by Tchebycheff, two blocks of four 
at each end were used he thought they might then have a more 
accurate result. The figure pointed out by Mr Luke as being 
incorrect in Table C for four ordinates, should have been -8396 and 
not -8896, so that the results were more consistent than appeared in 
the paper. Mr Luke put a very pertinent question which he would 
not answer, but would state some figures and allow him to decide for 
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himself. His question was, " Did Prof. Biles intend it to be under- 
stood that with 7 ordinates longitudinally as good work could be 
accomplished as with 17 taken by the ordinary Simpson's Rulel'* 
He had worked out results taking 7 ordinates longitudinally and 5 
vertically by Simpson's Rule, and the final figure was 1 123*7, while 
with 17 longitudinally and 7 vertically it was 1137-6. With 
Tchebychefi's Formula, taking 7 ordinates longitudinally and 5 verti- 
cally the result was 1142*9, and the integrator gave 1141-4, so that 
with 17 longitudinally and 7 vertically by Simpson's Rule the 
result was not so close as with 7 longitudinally and 5 vertically 
by TchebycheflTs ; and with 7 longitudinally and 5 vertically by 
Simpson's it was still further away than it was with the 17 
longitudinally and 7 vertically, so that Mr Luke might decide for 
himself whether on the basis of one case the rule was more accurate, 
or whether with 7 ordinates longitudinally as good work could be 
accomplished as with 1 7 taken by the ordinary Simpson's Rule. He 
thought the real point was, that this rule was one which required 
testing in a great many cases before one could be sure of its general 
application. He did not like to say that it was one that could be 
absolutely and finally trusted under all circumstances, because he 
had tried it on so few cases himself, but when it was better known 
a body of authoritative opinion would be obtained. Mr Luke 
observed that " The best way to arrive at the number of ordinates 
necessary for the practical integration of a curve was to consider 
the number that was deemed sufficient to faithfully reproduce the 
curve graphically, then that would be a satisfactory number of 
ordinates by which to approximate to its area." It might be so 
generally, but he was not sure that it was so always. If they had a 
batten so shaped that it would bend into a common parabola, the 
degree of accuracy that could be obtained by having three spots 
would be quite as great as with 300 spots ; and although that was 
rather an extravagant illustration, it enforced what he meant by 
showing that the degree of accuracy depended upon the apparatus 
with which the curve was set off. Mr Luke had pointed out that 
the application of Tchebycheff's Rule would be found most useful 

14 
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by taking 3 ordinatea and piling them up, so to speak, in blocks 

of 3. He had accepted the suggestion of Mr Luke and tried the 

continuation by 3 ordinates at a time. In the case of a form 

referred to in the paper, that had been done with the following 

results : — 

S. S. 270' X 35'. 



Simpson's Rule, 



Tchebycheffs Rule, 



ORDINATES. 



>» 



>> 



17 longl.& 3 vertical 

17 „ &5 

17 „ & 7 
7 longitudinal and 
taken in 3 blocks 
vertically - - - 



DISPLACEMENTS. 



254 tonsto3'w.L. 



659-4 

1137-6 

254-4 

6640 

1137-0 



9i 
99 



6'W.L. 
9' W.L. 
3' W.L. 
6' W.L. 
9' W.L. 



Simpson's Rule, - 
Simpson's Rule, - 
TchebychefTs Rule, 
Integrator, - - - 



ORDINATES. 



7 longl. & 5 vertical 
17 „ &7 

7 „ &5 
17 longitudinal 



1) 



>> 



DISPLACEMENT AT 
9 FEET DRAUGHT. 



1,123-7 tons. 
1,137-6 
1,142-9 
1,141-4 



)) 



99 



Note. — The figures for Simpson's Rule were taken from curves 
drawn to the calculated volumes at other waterlines. Those for 
TchebycheflTs Formula were actually Avorked out. 

When TchebycheflF's Third Rule was used in the manner pro- 
posed by Mr Luke, it gave in some cases very accurate results, and 
was certainly worth trying. It permitted of the displacement being 
acquired at a series of waterlines, as with Simpson's Rule, and 
removed one of the objections that had been urged against the 
application of Tchebycheffs Method to 7 or 9 ordinates, so that it 
could be used for intermediate positions. Mr Purvis's remarks on 
the testing of the Rule by applying it to a parabola had been already 
dealt with by one or two speakers. Mr Jack's remarks were 
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perhaps rather hastily made, but when he had read the paper 
through again he would no doubt see that the subject was worth a 
little careful consideration. Mr Jack seemed to think that the 
accuracy of some of the results was due to accident more than 
anything else, but that could hardly be true, when so many had 
considered the matter intelligently and had come to the conclusion 
that the method possessed a considerable degree of accuracy. A 
few days ago Mr Luke had shown him a case in which he had tried 
the method on a parabola of the 7th order, and he found that the error 
in calculating the area was only f of the error by calculating it with 
Simpson's First Rule. That, certainly, was not a matter of accident. 
There was one other point which Mr Jack mentioned, but, on a 
little reflection, he would see that it was not quite correct. He 
said — " Even a cubic parabola required the use of 4 ordinatos, and 
in a great many ship curves 4 ordinates would not comply with the 
equations to those curves, whereas with the First Rule only 3 
ordinates were required ; and, if the ship curve itself was not a true 
parabola, there was always a possible parabola which would pass 
through the ends of the given ordinates, and its area would 
correspond closely to that of the ship curve in question." Naturally, 
that assumed that ship curves were more like common parabolas 
than cubic parabolas, and he was never aware before that ship 
curves corresponded more nearly to the former than the latter. 
Mr Jack considered "The reason why Tchebycheffs Method had not 
been taken up sooner was because they did not require it," but 
that objection might be taken to a great many other things. The 
telephone was not taken up sooner because it was not required, but, 
when it was got, people found that they did require it. A question 
had been asked by Mr Hcik as to whether both the horizontal and 
vertical integrations were obtained with the integrator in the 
examples given in his paper, and he had to answer in the 
affirmative. He could not see that anything Mr Barnett had said 
would seriously alter his opinion on the question of the possible 
value of Tchebycheffs Formula. One of the diflBculties suggested 
in connection with the use of the Formula was that the multipliers 
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were rather cumbrous to handle. He had prepared a diagram. 
Fig. 11, in which the abscissae represented values for the half- 
length of ships, and the vertical ordinates multipliers, so that hy 
reading off the half-length of the ship along the base, the actual 
length of the spacing of the ordinates could be read off at once 
without multiplying. 

The Chairman moved that Prof. Biles be awarded a vote of 
thanks for his paper. He considered it was one of the best tests 
of a paper that it brought out sufficient discussion. Another good 
test was that if it set men thinking, and if, when they got on 
the line of the work suggested, they obtained valuable results ; 
and on this occasion that had been so in a marked degree. 

The vote of thanks was heartUy accorded. 
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Four-crank engines, being better adapted for quick running and 
large power than the three-crank type, are now coming into more 
general use in both small and large vessels. Having lately been 
engaged in the design and construction of upwards of twenty sets of 
four-crank engines, I propose, in this paper, to give a description 
of the principal features of them and their auxiliaries. 

Figs. 1 and 2 show sectional and end elevations of a set of four- 
crank engines, made by Messrs Muir & Houston, Ltd., capable of 
developing over 600 l.H.P. 

In order to reduce the length, so that they might occupy the same 
space as the equivalent three-crank engines, they were fitted with 
the "Parole" type of piston and slide-valves; these valves were 
designed so that one piston or slide-valve could regulate the steam 
to two cylinders. This arrangement reduces the valve-gear to two 
sets with four eccentrics, instead of four sets of gear with eight 
eccentrics. 

In all the above-mentioned engines, the two forward cranks are 
placed diametrically opposite each other, and the two after-cranks in 
the same relative position to each other, but at right angles to the 
two forward ones. This, by experience, was found to be the best 
arrangement for reducing vibration ; and when the pistons working 
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in opposite directions were made the same weight, it was found that 
DO other precaution was necessary to produce a smooth-running 
engine. This arrangement of cranks was also necessary for the 
steam distribution by the " Parole " type of valves, as will be under- 
stood by reference to Fig. 1, and the detailed sketches of the valves. 
Figs. 3 and 4, 

Fig. 8 shows the piston-valve for distributing the steam to the 
H.P. and I.P. cylinders. It is divided in the centre, and the two 
parts are rigidly bolted together ; the H.P. face has inside lap. The 
steam is admitted from the main steam-pipe to the inside of the 
valve, through the centre port A in the H.P. cylinder, and is 
exhausted from this cylinder at the outer edges of the valve into the 
valve-casing. The LP. face has outside lap, and the exhaust steam 
from the H.P. cylinder is admitted direct from the casing to the 
I.P. cylinder. It then exhausts from the i.P. cylinder in the usual 
manner, through the port B to the L.P. casing, by the pipe at the 
back of the engines, Fig. 2, this being the only pipe connection 
on the main engines beside the main steam- and exhaust-pipes. 

The high and intermediate cylinders are bolted together at the 
centre of the valve-casing, which is bored out to receive the liner for 
the piston-valve to work in. This liner has no ports at the sides, so 
that if the piston-valve is too easy a fit, it can be lined up to the 
faces by inserting a sheet of tin between the two parts of the valve. 

Fig. 4 shows the slide-valves for distributing the steam to the two 
L.P. cylinders. The valves are not bolted rigidly together like the 
H.P. and I.P. ones, but are made self-adjusting, since it is more 
important to have them perfectly steam-tight. This adjustment is 
attained by casting a circular projection on the back of each valve 
c ausing the one to slide inside the other, thus forming an expansion- 
or slip-joint, which is kept steam-tight by two Ramsbottom rings, C, 
as shown in the left-hand view. When there is no pressure in the 
casing, the valves are kept up to the faces, by four spiral springs 
fitted into the bosses at the corners of the valves, as shown at D in 
the right-hand view, which is the back view of the after L.P. valve. 

This slip-joint forms a perfect pressure-relief ring, since it only 
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leaves the corners of the valves exposed to the receiver pressure, 
which, with the assistance of the four springs, is just sufficient to 
press the valves properly on to their working faces. 

The after L.F. valve has lap inside on the steam admission edges, 
while the forvrard L.P. valve has lap on the outside. The steam is 
admitted from the L.P. casing through the sides of the valves, no 
admission port corresponding to port A in the h.p. cylinder being 
necessary. Only one exhaust-port and one exhaust-pipe are required 
for the two L.P. cylinders; the after L.P. cylinder, as shown in 
Figs. 1 and 2, has no exhaust-port, the exhaust steam from that 
cylinder passes through the body of the valves into the exhaust- 
port of the forward L.P. cylinder, and thence by the single exhaust- 
pipe to the condenser. These valves, as indicated by the left-hand 
view, Fig. 4, are connected to the valve-spindle, in the same manner 
as a locomotive slide-valve, by a band passing round the cylindrical 
projections on their backs. In a larger set of twin-screw engines^ 
of 3500 I.H.P., made by the Fairfield Shipbuilding and Engineering 
Co., Ltd., two spindles were used, one passing through each valve, 
the two being connected by means of a T piece on the valve-spindle; 
each spindle was thus kept clear of the slip-joint. 

The reversal of laps on the H.P., i.P., and L.P. valves is, of 
course, necessary to give the reverse action to the pistons. 

If, for instance, the L.P. valves are at the top of their stroke, 
steam will be admitted to the top end of the after L.P. cylinder, 
and at the same time to the bottom end of the forward 
L.P. cylinder. A similar action will take place with the reversed 
exhaust-ports, the steam exhausting simultaneously from the bottom 
of the after l.p. cylinder and the top of the forward l.p. cylinder. 

These engines were originally made with a feed-heater in the 
exhaust-pipe (shown partly in section in Fig. 2), and with the main 
feed-pump driven in the usual manner from the air-pump levers. 
A Lamont's patent simplex pump was used as a stand-by feed 
donkey. As this latter pump, working at fifteen strokes per minute, 
had a much less injurious effect on the feed-check valves than the 
main feed-pump, with the engines running up to 166 revolutions 
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per minute, the pump was taken off the engines, and the arrange- 
ment of heater and pumps, shown diagrammatically in Fig. 5, vras 
finally adopted. Here the air-pump and heater-pump are driven bj 
levers from the H.P. crosshead. The air-pump discharges the water 
into the hot-well in the usual manner, from whence it is drawn 
through the feed-regulator (placed on the hot-well discharge-pipe to 
prevent air heing drawn into the condenser, in event of the discharge- 
pipe getting empty of water) to the heater in the main exhaaat- 
pipe, into which it is sprayed. It then mixes with the exhaust 
steam, from which it is separated, on passing through the heater, by 
the centrifugal action set up by the spiral arrangement, and caught 
in the pocket at the bottom of the heater. From this it is drawn 
by the heater-pump, and discharged to the float-tank, from which 
the feed-pump then draws it in the usual manner. This arrangement 
accomplishes three things — it raises the temperature of the feed 
between the hot- well and the float-tank 44* Fah.; increases the 
vacuum ; and keeps oil out of the condenser. 

Referring again to Figs. 1 and 2, it will be noticed that tbe 
receiver volumes are necessarily small, and, as might be expected, 
the indicator diagrams Fig. 6 (which are from the starboard engine 
of the 3500 I.U.P. set) are somewhat diflerent in form from those 
which would be obtained from an engine with large receivers, in 
which instance the receiver pressure would be more uniform. 

It is generally conceded that the friction at the main bearings of 
the three-crank engine is less in proportion than that of the two- 
•crank compound, and it may be assumed that the friction at the 
bearings of the four-crank engine is proportionately less than that of 
the three-crank triple engine. 

In the case of the four-crank triple-expansion engine, however, 
the powers developed in the L.P. cylinders vary very much with the 
speed. At low speed, the power developed in each UP. cylinder 
may be only half that developed in the H.P. or i.P. cylinder, while at 
full speed it may be equal to them. In order to get. the full 
advantage of the reduction of friction at the bearings, the two 
L.P. cylinders should be placed together. 
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The following table gives the results from three different sets of 
foor-crank engines : — 



BNQIKE. 








Revo- 
lutions. 






CYLINDERS. 


steam. Yacaiun 


Piston 
Speed. 


DiAMBTBR. 


Stbokb. 


H.P. 


LP. 


F.L.P. 


A.L.P. 


A 

B 
C 


170 
160 
180 


26" 
25" 
25" 


166 

176 
130 


581 
792 

455 


13" 

20^" 
13" 


22" 
34" 
22" 


23J" 

37" 

23J" 


23J" 

37" 

23i" 


2V 
27" 
21" 


ENGINE. 


INDICATED HORSE POWEB. 


H.P. 


1 

I.P. F.L.P. 

1 


A.L.P. 


Total. 


A 
B 
C 


213 

555.6 
142 


212 

548-8 

183-5 


107 
336-5 
64 


128 
313-2 
65 


660-0 

1754-1 

454-5 



Engine A is the one illustrated in Figs. 1 and 2 ; engine 6 is that 
for which the indicator diagrams, Fig. 6, are given ; and engine 
is a duplicate of engine A, with the exhaust feed-heater, but it has 
no air-pump fitted on it, independent air- and circulating-pumps 
being provided instead. 

The boilers supplying steam to engines A and B work under 
forced draught, while the boiler supplying steam to engine C works 
under natural dranght. 

The independent air- and circulating-pumps fitted in connection 
with engine C are shown on the left hand side of Fig. 7. The air- 
pump is placed in the centre, and one circulating-pump on each side 
of it; the three pumps are driven direct from the steam cylinder 
above. 

On the right hand side of Fig. 7 are shown two of Lamont's 
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simplex feed-pamps and float-tank referred to in connection with 
engine A. 

The chief feature of this pump is that the steam cylinder has 
double ports at each end, similar to those of a daplex pump, which 
enable it to reverse very quietly, owing to the compression of the 
steam at each end of the stroke. There is this difference, however, 
between its action and that of the duplex pump, that, if it happens 
to draw air, it will still complete its stroke, but the piston will not 
strike the ends of the cylinder. 

As arranged in Fig. 7, one pump is used as the main feed-pump, 
and the other as a general donkey. 

In the case of engines A and B, this pump was used to work the 
See's ash ejector, and gave satisfaction ; but a duplex pump is more 
suitable for this purpose, as it gives a somewhat steadier flow of 
water. 

The main feed-pump as shown has double exhaust-valves, one of 
which leads to the general auxiliary exhaust, while the other can be 
led direct to the suction-pipe of the pump, which can thus be made 
to act as a most efficient ieed-heater. 

With reference to the float-tank, the special feature here is the 
spiral spring which is substituted for the customary back balance 
weight. The spring is compressed to give the upward force equiva- 
lent to that of the balance weight, but, as the float rises, this force, 
owing to the release of the spring, decreases in greater proportion 
than that of the balance weight, so that on the reversal of motion, 
the action of the spring, at the top position, is tantamount to adding 
more weight to the float. A similar, but reverse, action takes place 
at the lower position of the float. 

In the case of engine C, the independent air- and circulating- 
pumps are supplied with steam direct from the boiler, and 
exhaust to the condenser or L.P. casing. Since that arrangement 
was adopted, in connection with engine C, the superintending engineer 
of the Great-Northern Fishing Co.'s fleet has fitted a set of engines 
in one of these boats with independent air- and circulating-pumps ; 
but, instead of taking steam from the boiler to drive these pumps, 
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as in the above instance, the feed-pump exhaust is used to drive 
them, and the exhaust is led from the air-pump cylinder to the 
suction-pipe of the feed-pump. The complete arrangement of these 
pumps and their pipe connections is shown in Fig. 7. It will be 
noticed also that, the float-tank controls all the auxiliaries. This 
installation has been working for twelve months, and the coal con- 
sumption compares very favourably with that of other vessels with 
the ordinary arrangement of air-pumps driven by levers on the main 
engines. He informs me that, when lying in dock, by throttling 
the sea inlet and keeping full steam on the pump — i.e., only letting 
a little water into the pump at each stroke — he can pump direct 
from the sea to the boiler, with the water heated up to 160° Fah., 
by the donkey-pump exhaust. This independent system further 
insures a constant vacuum when starting and stopping the engines. 
There is no overflow of water at the air-pump discharge, and when 
the engines are stopped the winches can still exhaust into the 
condenser, thus saving a considerable quantity of water. The 
boiler can also be worked for a much longer period without being 
cleaned. It is at first difficult to conceive how the separate pumps 
should be as economical as those on the main engine, as individu- 
ally each pump might take as much as five times the steam a pump 
on the main engine would take; but the combination makes the 
pump compound by the special connection, and then all the heat not 
used in doing useful work, or lost in friction or by radiation, is 
returned to the boilers. Further, the friction must be much less in 
a direct-acting pump working at twenty double strokes per minute 
than that of a pump working at, say, one hundred and twenty 
strokes. 



Correspondence. 
Mr James Weir (Member) observed that with reference to Mr 
Thom's description of the feed-heater in the exhaust-pipe, he had 
stated that it accomplished three things ; viz., it raised the tempera- 
ture of the feed, it increased the vacuum, and kept oil out of the 
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condenser, but beyond the bald statement they were not furnished 
with any information which led them to consider that these effects 
were actually accomplished ; for, according to the only evidenoe he 
produced to support his statement, the vacuum in the condenser was 
not increased by the application of the feed-heater, but the very 
reverse. From the table of results it would be seen that engine A 
without the feed-heater had 26 inches of vacuum, and engine C 
with the feed' heater had only 25. Mr Thorn also claimed that 
this arrangement kept the oil out of the condenser, and on reference 
to his diagram it appeared that if the oil did not go to the con- 
denser, the only other place it could go to was the boiler. As to any 
novelty in the feed-heater described, he noted that Mr Thorn made 
no claim. In that he was wise, for it was similar to what had been 
fitted in a number of the old as well as the new Inman Line 
steamers, as Mr Thom would possibly remember. Indeed, it was 
practically what was known as the Paterson feed-heater, fitted by 
Messrs. Tod & M'Gregor in the sixties. Mr Thom showed his 
adaptation of the Paterson heater only in diagrammatic form, and 
thus deprived his illustration of any value it might have to mem- 
bers of the Institution, as the good working of the apparatus 
depended almost entirely upon details and proportions, none of 
which were given by Mr Thom. Regarding the other auxiliaries, 
singly or in combination, he failed to see anything new in principle, 
and if there were any improvements in details over existing 
gear Mr Thom had carefully abstained from mentioning them. 
The one exception to that might be the spring on the float-tank, 
and that was certainly not new. The respective merits of the 
spring and bucket balance weight for that particular purpose was 
settled years ago, with the result that the spring was only used 
where the weight could not be applied. He might say that on 
account of the meagre character of the paper, and the want of 
definite data, there did not seem to be much room for further 
remark. Knowing Mr Thom's ability and experience, he could 
only say in conclusion that he considered he had not done himself 
justice by his present contribution to the Institution's Transactions. 
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Discussion. 

The discussion on this paper took place on 21st March, 1899. 

Mr Thom remarked that before the discussion commenced he 
wished to state that there was some diflference between the H.P. 
valves of the various engines he had referred to. Also, that he 
had placed on the wall, a diagram of the indicator cards taken 
from the engine A illustrated in the paper. 

Mr Matthew Paul (Member) said that the engines described 
as having two pairs of cranks at right angles, the cranks of each 
pair being opposite, were, so far as the turning effort on the shaft 
was concerned, equivalent to ordinary two-crank compound engines 
with the cranks at right angles. That being so, they might sum up 
the powers of the two forward cylinders and the two after cylinders, 
and regard these as concentrated on two cranks at right angles. 
Taking the figures which Mr Thom had given for the engines des- 
cribed, engine A showed 425 h.p. on the forward, and 235 H.P. on the 
after cranks ; engine B showed 1104*4 on the forward, and 649*7 on 
the after cranks ; while engine C showed 325-5 on the forward, and 
only 129 on the after cranks. Eegarding vibration, he did not know 
that it was of very great consequence to secure an engine with as 
^ual a turning moment as possible, but he had always understood 
that, for the sake of the shaft, it was desirable to have the turning 
effort aa equal as possible, and he would like to ask Mr Thom 
whether in the engine C, with nearly three times the power on the 
f om'ard pair of cranks that there was on the after pair, any special 
provision had been made in the size of shaft for the extremely 
unequal turning effort which that was bound to produce. Of 
course the ratio of the maximum to the mean turning effort was 
one of the most important factors in determining the shaft size for 
a certain power, and in Lloyd's and other rules four-crank engines 
had a smaller constant for the shaft than even a triple-expansion 
engine. He would be very much astonished if the shaft of Mr 
Tbom's engine — ^assuming the size of it to be fixed by those rules — 
was anything Hke sufficiently strong for the work it had to do in 
face of the variation of the turning effort. On page 216 Mr Thom 
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referred to the peculiar form of the indicator diagrams. In several 
cases recently he had found that the old idea, if a *' text-book" 
form of diagram were obtained they had a necessarily satisfactory 
engine, either in the matter of smooth-running or economy, was a 
delusion and a snare. An engine which might be neither a sweet- 
running engine nor an economical one might give the most perfect 
diagrams conceivable. Personally, he had come to the conclusion 
that the shape of the diagrams might be what it liked, that the 
thing to aim at was a smooth-running engine and an economical one. 
While in some cases the form of the indicator diagrams might be an 
accurate indication of the performance of the engine, it was not by 
itself anything of a guide as to the real performance. In the 
closing sentence of Mr Thom's paper, he said — "Further, the 
friction must be much less in a direct-acting pump working at 
twenty double strokes per minute than that of a pump working at, 
say, one hundred and twenty strokes." That was a statement 
which appeared to him to require qualification. He could. conceive 
it quite possible that there were circumstances in which a direct- 
acting pump at twenty double strokes per minute might have more 
friction than a puV|U) working at 120 strokes. It seemed to him 
that Mr Thom at least ^overstated the case, and that there was no 
necessity for friction in i^^mp working at twenty strokes per minute 
being less than in one working at 120 strokes. 

Mr W. C. AVarden (Member) was somewhat surprised that 
Mr Thom had made no referehpe to the work previously done 
in the same direction by Messrs G.'E. Belliss & Co., of Birmingham. 
For the diagram exposed to view on the wall he was indebted to 
the courtesy of the Institution of Mechanical Engineers. It showed 
the engines of H.M. torpedo boat destroyers "Swordfish" and 
"Spitfire," designed by Messrs Belliss & Co. in 1894; described 
by Mr Morcom in his paper read before that Institution on the 
28th July, 1897 ; and subsequently largely illustrated in the 
Trrhnicnl Press. He therefore concluded that Mr Thom could hardly 
have missed seeing some at least of the references to those engines. He 
understood that Messrs Belliss claimed no proprietary rights in the 
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design, which came naturally to them, because the arrangement of 
high pressure and intermediate cylinders was simply the single 
eccentric arrangement of the compound engine which they had 
used in their well-known electric light engines, since they first 
introduced it in the dynamo engines for H.M.S. "Crescent," in 
the year 1890. Similarly, the arrangement of the two low pressure 
cylinders was that which they introduced shortly afterwards for 
double-crank single-expansion engines. The engines of the " Sword- 
fish " and " Spitfire '* gave out 4,500 i.h.p. collectively, at a speed 
of 400 revolutions per minute, corresponding to a piston speed of 
1200 feet per minute. This fact should be borne in mind in com- 
paring the design with that brought forward by Mr Thorn, as if 
the engines were designed for the lower piston speeds common in 
the merchant marine, the piston-valves, ports, and passages would 
of course be very much reduced in size relatively to the cylinders. 
Notwithstanding the very severe conditions under which they were 
worked the engines of the "Swordfish" and "Spitfire" gave the 
greatest satisfaction, and there was no trouble with them which 
could be at all attributed to the special valve arrangement adopted. 
The advantages of the arrangement were — Firstly, the two sets 
of link motion instead of four, with a consequent reduction in 
complexity and number of parts. Secondly, a saving in weight and 
length of the engines. Thirdly, the slide-valves being placed in 
the position indicated left the two ends of the engine clear for the 
thrust-block at the one end and the air-pump at the other, and also 
permitted of a better disposition of the main bearings than would 
othenvise be the case. Fourthly, there was the reduction in the 
length of the weight-shaft, which did not overhang the framing at 
the after end as often happened with other designs. He would 
point out that while Mr Thom's design of "Parole type" of slide- 
valve was certainly ingenious, it did not appear to be completely 
balanced as the piston type of valve in the design he referred to 
undoubtedly was. 

Mr James Andrews (Member) thought the value of Mr Thorn's 
paper would have been greatly enhanced if the informatoiu con- 
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tained in it had referred to one of the engines only in place 
of being di^dded among three engines working under different 
conditions, because a disconnected subject gave rise to many 
assumptions and speculations and almost precluded discussion. On 
page 219 Mr Thom said, referring to the machinery of which 
engine C formed a part, "This installation has been working for 
twelve months and the coal consumption compares very favourably 
with that of other vessels," etc. From that quotation one would 
naturallv infer that Mr Thom knew what the actual coal con- 
sumption of that vessel was, and he thought it would be interesting 
to the members if Mr Thom would supply the information, because the 
engine had not the appearance of being very economical, as he would 
show later on. On page. 216 Mr Thom said, "In the case of the 
four-crank triple-expansion engine, however, the powers developed 
in the L.P. cylinders vary very much with the speed. At low speed 
the power developed in each L.P. cylinder may be only half that 
developed in the h.p. or i.P. cylinder, while at full speed it may be 
equal to them." He thought Mr Thom had made a mistake in both 
cases. In the first place the powers developed in the low pressure 
cylinders need not vary very much with the speed. If in a triple-expan- 
sion engine or a multiple-expansion engine working at full power the 
power was varied by linking up, the effect upon the relative powers 
in each cylinder would not be the same as if the variation had been 
brought about by reducing the initial steam pressure ; in fact, the 
effect in those two cases was diametrically opposite. He supposed 
that Mr Thom found it varying very much because he adopted one 
means of varying the power. As an example of the relative powers 
at different speeds he might refer to the case of H.M.S. "Diadem,"* 
in which the powers at full power and one-fifth power were 
practically uniform; that was to say, that at full power they 
varied from about 2,290 in the first two cylinders to 1,979 in the 
second two, and at one-fifth power they were about 450 in the first 
two and an average of 390 in the second two, showing that between 
full power and one-fifth power the variation was not great. In the 
* Transactions Inst. Naval Architects, Vol. XL., 189S. 
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second place, the relative powers did not vary in the way they were 
said to do. On page 216 Mr Thorn said that at full speed they may 
be nearly equal ; whereas the table on page 217 showed them to be 
/ery unequal, at what he (Mr Andrews) presumed to be their full 
powers, and from the dimensions of the cylinder he did not see 
that they could be equal. The inherent defect in the four-crank 
triple-expansion engine, which could not be overcome, and which 
did not apply to multiple-cylinder engines completing each stage 
of expansion in one cylinder, was that the initial load, temperature, 
range, and power in each cylinder could not be approximately 
equalised. If the powers and initial loads were equal, then the 
range of temperature in each cylinder must be unequal. On the 
other hand, if the range of temperature in each cylinder was alike, 
then the initial loads and powers must be unequal. The following 
table gave the comparative results of engine B with another engine 
of the same type and an ordinary three-crank triple engine, all 
expanding their steam about the same number of times. The 
temperature, loads, and steam consumptions were measured from 
the indicator diagrams, while the powers of engine B were taken 
from the table on page 217. It would be observed that although 
the comparison was made with warship engines, which were not 
intended to be most economical at full power, yet engine B 
showed the highest steam consumption. If an allowance of 25 per 
cent, were made for steam not accounted for by the diagrams of 
engine B, which was a moderate allowance, the steam consumption 
for the main engine alone became 20 lbs. per i.h.p. per hour. If 
8 lbs. of water were evaporated in the boiler per lb. of coal, then 
the coal consumption worked out at 2 J lbs. per i.h.p. per hour without 
taking auxiliary machinery into account at all, which was certainly 
not a very economical result. The temperature ranges were also very 
unetjual and no doubt accounted for part of the steam missing from 
the L.P. cylinder. But perhaps the least satisfactory feature in this 
engine was the loads on each piston. If the bearing surfaces and 
moving parts were large enough and strong enough for the i.p. 
cylinder, then they must be twice too large and twice too strong for 
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the other three cylinders — a state of things which was neither con- 
ducive to economy in material nor liable to improve the balance of an 
engine. Neither would it be readily conceded that the friction at 
the bearings was so much less than the three-crank triple -engine as 
Mr Thom asserted it to be. On measuring the steam consumption 
from the indicator diagrams he was astonished to find it so excessiye 
in the H.P. cylinder and how much of it had disappeared at the L.P. 
cylinder. As he had already said, the excessive range of tempera- 
ture would account for that to some extent, but it could not account 
for 35 per cent, being missing. Having designed a great number 
of slide-valves with relief rings and also exhausting through the 
back, he was apprehensive that the rings shown on the valves, 
Fig. 4, were much too large. No one could look at the steam 
line of the after L.P. cylinder diagrams without being apprehensive 
that the valve was leaking, but when added to the amount of steam 
missing the proof was, he thought, too convincing to bear further 
discussion. It might be asked why the after l.p. valve leaked in 
preference to the forward one. It was because the after valve had 
three steam ports, while the forward one had only two steam ports, 
and having the least load on the back it came off its face first and 
kept the other valve up to its face. It would also be noticed 
that the difference of pressure between the L.P. cylinder and the 
condenser wa3 3-5 lbs. in the forward cylinder and 4 J lbs. in 
the after L.P. cylinder, an amount that few engineers would tolerate. 
It would be interesting to know what this difference was in engine C» 
with the feed-heater in the exhaust pipe. 

Mr Thom, in reply, said Mr Paul had stated that on analysis 
he found the four-crank engine had the same turning moment as a 
compound engine with two cranks ; but perhaps Mr Paul was not 
aware that in some compound engines the turning moment was aa 
good as that in most triple-expansion engines. Kegarding the 
friction of the air-pump, as compared with that of a separate pump^ 
since the pumps were the same size, if the independent pump did 
its work satisfactorily at 20 strokes while the other required to 
run at 120 strokes, he thought there could be no question that the 
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frictional loss in the case of the independent pump would be much 
less than that of the other. He was very glad that Mr Warden 
had exhibited his diagram, because it allowed him to explain 
certain differences. The diagram showed four complete piston- 
valves, in tandem arrangement for four cylinders. Certainly only 
two sets of valve-gear were used, but neither Mr Belliss nor he 
could claim this latter arrangement, the only point in respect to 
which the designs were similar. In the engines he (Mr Thom) had 
illustrated, the cylinders were cast separate; but with Mr Belliss' 
arrangement they had to be cast together in pairs, and the valve 
came between them, an arrangement that would not be practicable 
at all in the case of an engine of large size. Further, a flat valve 
was much to be preferred to a piston-valve between two L.P. 
cylinders, as it enabled the cylinders to be kept close together. 
Certainly no one would use a piston-valve for a low pressure 
engine, who could put in a flat valve, especially if it were designed 
so that it would work with as little friction as a piston-valve. The 
statement that the steam pressure on the H.P. piston- valve was 
unbalanced, was quite true in the first case. . On the second set of 
engines, however, the valve was balanced, by carrying the high 
pressure steam through to the back. It was found that there was 
really very little difference in the working of the two valves ; the 
one with the side pressure would have been heavier to work, but 
the exhaust itself was utilised to assist in working it, and the 
eccentrics worked as well with the unbalanced as with the balanced 
valve. Mr Andrews had asked a very pertinent question 
regarding coal consumption. In the first ship fitted with the 
complete arrangement of separate pumps (one of a fleet of thirty 
vessels) the average coal consumption for twelve months compared 
favourably with that of any of the other vessels, and her speed 
was rather better. The fact that the owner was fitting four more 
vessels with a similar arrangement showed that the coal consumption 
must be satisfactory. This was a better assurance of economy than 
any figure taken from sea data of coal consumption per i.H.P. Mr 
Andrews and others laid great stress on the small power in the 
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I* P. cylinders. The diagrams with low powers in the L.P. cylinders 
'were shown bv him to bear out his statement, that the friction was 
reduced on the main bearings when the two L.P. cylinders were 
!kept close together, instead of one cylinder being placed at one end 
of the engines, and the other cylinder at the other end, as was 
sometimes done. To show that it was quite possible to have as 
much horse power in each L.P. cylinder, at full power, as in the H.P. 
cylinder, and how the power was reduced in the L.P. cylinders 
as compared with that of the H.P. cylinder, at lower speeds, he 
appended the following table of results taken from a set of four 
cylinder engines. The diameters of the cylinders were H.P. 18 
inches, I.P. 28 J inches, and two L.P.'s each 32 inches; stroke 
27 inches; boiler pressure 170 lbs. per square inch. (See Table.) 
No amount of linking-up could affect these results to any appreciable 
extent. Mr Andrews had gone through the diagrams and worked 
out a result of 2i lbs. of coal per l.H.P. per hour. He (Mr Thom) 
did not follow him through all his calculations, because the actual 
coal used on the twelve hours' coal consumption trial (as measured 
by the builders) was 1*82 lbs. of Scotch coal per i.H.P. per hour, 
working with forced draught of 2J inches water-gauge pressure at 
the fan. Making the usual allowance of fifteen per cent, to bring 
this to the Welsh coal equivalent, the Welsh coal consumption 
would be 1*54 lbs, per i.h.p. per hour. The difference between 
this figure and Mr Andrews' final result showed that his inter- 
mediate calculations could not be very reliable. Mr Andrews said 
that probably the Fairfield engine had not got valves of the same 
type as Mr Thom's. They had a limit of about thirty-five per 
cent, of steam between the high and the low pressure cylinders. 
The diagrams analysed by Mr Andrews were the actual diagrams 
taken from the engines with which the twelve hours coal consumption 
trial was made, and there was no getting over that result. Mr 
Andrews mentioned that he had been unfortunate in designing 
L.P. slide valves where they had to exhaust through the back, as 
he could not make them steam tight, and that he anticipated the 
same result with the l.p. valves of engine A, and also that the 
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After L.P. valve would be repeatedly off the face. If the sketch 
of the L.P. valves were examined it would be seen that when 
the valves were in position the two faces of the slip joint were 
about -^-inch apart During the first trial of engine A, indicator 
diagrams were taken and the readings on the receiver pressure 
gauges were carefully noted. After the trial, the valves were 
taken out and a soft f -inch asbestos ring joint was slipped on the 



Keys. 


Indicated Horse Power. 


H.P. 


LP. 


for'd.l.p. 


AFT. L.P. 


TOTAL. 


40-26 
63-32 
109-7 
136-73 
155-U 
164-42 


9-944 
131-281 
140-629 
256-755 
377-264 
345-748 


14-255 
146-984 
151-211 
305-723 
499-722 
464-187 


2-88 

53-804 

55-354 

131-883 

204-428 

356127 


2-88 

49-646 

49-985 

133-460 

211-575 

369-651 


29-95 

381-71 

397-18 

827-82 ' 

1292-99 

1535-71 

1 



valve. The valves were then compressed together until they were 
close enough to be again pushed into place in the casing. The 
engine was afterwards tried, and the results were the same as 
those obtained before the joint was put in. That showed that 
Mr Andrews was again wrong in his supposition about the after 
valve coming off the face, or the joint leaking, as it was hermetically 
sealed. With reference to Mr Weir's communication, the first 
thing mentioned was his (Mr Thom's) statement that the feed- 
heater in the exhaust-pipe raised the temperature, increased the 
vacuum, and kept oil out of the condenser, and that he had been 
very rash in making that statement as he had nothing to show in 
support of it. The results given in the table were taken on the 
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official trial. Every engineer had his own idea as to what vacuum 
he should carry on a trial trip. Some did not want anything more 
than 22 inches, some wanted 25 inches, and so on; they could 
always regulate the vacuum by the amouut of circulating-water — 
that fact was well enough known. What he meant by the state- 
ment regarding the increase of vacuum was, that if the engine was 
running with the heater off, and if it were turned on, all the other 
conditions in the meantime being kept the same, the gauge would 
then show IJ inches more vacuum with the heater on than when it 
was off. Mr Weir said that he claimed that *' the arrangement kept 
oil out of the condenser, and on reference to his diagram it appeared 
that if the oil did not go to the condenser, the only other place it could 
go to was the boiler." He could assure Mr Weir that this did not 
necessarily follow, for, without the intervention of a filter, the 
bilge-pump was used to discharge this oil overboard. This could 
not have been done in the sixties, or Mr Weir would have been 
aware of how it was done. Mr Weir had not been explicit in 
stating how the respective merits of the spring and the bucket 
balance weight had been settled; but taking Mr Weir's modesty 
into account, he presumed that he had tried it himself. He felt 
that Mr Weir had not displayed the same ability and care in trying 
the spring as the makers of these pumps, or he would never have 
put on a balance weight again. After one had got used to it, he 
would as soon think of going back to the bucket weight, as taking 
the springs off a safety-valve and substituting the old dead weight 
safety-valve again. 
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In the following paper I shall confine myself to the consideration 
of the stresses to which the centrifugal machine is subjected, the 
conditions necessary to its safe and stable running, and the relative 
speeds at which machines of different sizes must be run to achieve 
the same results, as it is impossible, in the time at my disposal, to 
consider the applications of the machine. 

The centrifugal machine consists essentially of a basket or drum 
mounted on an axle which runs in a bearing or bearings, and of a 
surrounding casing which catches the fluid, if any, that is thrown 
off from the basket or drum, and which also protects the attendant 
from contact with the revolving part. 

The revolving vessel is always a solid of revolution, for considera- 
tions of strength, and nearly always a cylinder, or a frustum of 
a slightly tapering cone. When, for certain purposes, it is perforated 
with holes for the escape of the liquid which is to be separated from 
the solid contents of the vessel, it is called a basket ; when, in other 
cases, it is a water-tight imperforate vessel, it is called a drum. I shall 
consider only cylindrical vessels, as the arguments applying to them 
may easily be extended to any solid of revolution, and I shall use 
the word drum, unless a basket is specially meant, to signify either 
drum or basket. 

As a first step to ascertaining the stresses which the drum has to 
resist, I propose to find, by simple reasoning, the measure of the 
centrifugal force of a particle of given weight moving in a given 
circle at a given velocity. There is no need to apologise for reverting 
to such an elementary matter before this Institution, for the reason 
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that I have never yet seen in any text-book on elementary mechanics 
a proof that did not involve the use of the differential calculus, or 
arguments based on the conception of limits, which are only the 
calculus in disguise, and are not convincing to many people. 

I will ask you to grant one axiom, that — If a heavy particle 
move at a uniform rate in a given circle under the action of a 
central force, such as the tension of a string connecting the body 
with the centre of the circle, the magnitude of that force is the same 
at every point of the circle. It can hardly be doubted that if the 
speed be the same and the curvature the same, the deflecting force 
ivill be the same. 

In Fig. 1, C is a fixed point to which a heavy particle of weight 
"W pounds is connected by a string of length C P, or r feet. The 
particle is moving with a uniform linear velocity of v feet per second, 
and under the constraint of the string describes the circle P B A in 
the direction shown by the arrow heads. 

Draw P C, the diameter A B at right angles to P C, and the 
tangents PD and BD. 

Now, P is moving in the direction P D at v feet per second, and 
all its motion in that direction is destroyed by the time it reaches 
the line BD; that is after it has traversed a distance PD or r, in 
that direction. The energy required to stop it is equal to its vis 
viva, or 

-o — foot pounds ; 

if 

and if this energy is destroyed in a distance of r feet by a uniform 
retarding force, that force is 

Y^ pounds. 

The retarding force, however, is not unform, but increases from 
nothing at P to the full tension of the string at B, and varies 
directly as the distance of the particle from the line P C. For the 
tension of the string is the only force acting on the particle, and the 
retarding force in the direction P D is the component of the tension 
in that direction. Thus, if the constant tension be conveniently 
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represented by the radius, the retarding forces, when the particle is 
at Pi or Po, are P^Q^ or PgQj respectively. That is, if the rectangle 
P E represents the arrest of motion by a uniform retarding force 
D E, the arrest by the varying component of the tension of the 
string is represented by the triangle F P D, of the same area, and 
twice the height. Therefore, F D, the tension of the string, is 

Wr2 W«;2 mr2 . 

75 — X 2 = or — • m mass umts. 

2(jr gr r 

Engineers generally require this force expressed in terms of the 
number of revolutions per minute, rather than of the linear velocity 
per second. 

Of course, if n be the revolutions per minute, 

2irrn 

,\ centrifugal force = ~"go2 V>r '^ '000341 Wrn^^ 

the well-known formula. 

So much for a heavy particle. Let us now consider a body of 
iinitc dimensions. 

I will detain you one minute to prove that the centrifugal force 
is the same as if all the mass were concentrated in the centre of 
gravity. Many people think that it is the radius of gyration, 
or radius of mean square, that should be taken in the formula for 
centrifugal force, and not the radius of the centre of gravity. 

It will be seen from the formula that, the centrifugal force of a 
particle rotating about a centre with a given angular velocity varies 
as its distance from the centre, not as the square of that distance. 
This is probably the cause of the error concerning the radius of 
gyration. It is often said — ** Surely the centrifugal force varies as 
the square of the velocity, and the velocity varies as the radius," 
But it is only true that the centrifugal force varies as the square of 
the velocity, if the radius remains constant. The centrifugal force 

of unit mass is ^, and in the case of uniform angular velocity, r 
varies as r; so we may write — i or simply r. 
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In Fig. 2, let C be the centre about which two particles, A and B, 
of diflerent weights, revolve as part of a rigid system; always 
preserving the same relative positions to each other and to the 
centre ; the triangle A B C is then always the same. 

Join AB, and divide it at D in the inverse ratio of the weights of 
A and B, so that D is the centre of gravity. 

Let m be the weight of A ; n, that of B. Then the centrifugal 
force of A is 7» times C A ; and that of B, n times C B. 

But by the trianofle of forces, m x CA is equivalent to a force 
m X C D and a force tti x D A. 

Similarly, n x C B is equivalent to n x C D and n x D B. 

But by construction, wtxDA = 7ixDB; and these forces are in 
opposite directions, therefore they annul one another. 

Hence, the resultant of the two centrifugal forces is (m -h n) C D, 
which is the centrifugal force of the two particles when placed at D. 

I will now proceed to consider a drum of thin plate revolving 
about its axis, and to find the tension set up in the metal by the 
motion. First, take the empty drum. Consider a length of 
drum measuring one inch parallel to the axis, and take one inch 
length of the circumference of this band. A square inch of metal 
plate is thus obtained whose weight is known from the thickness and 
density of the metal. It has a certain centrifugal force calculated as 
above, its thickness being so small relatively to the radius of the 
drum that the latter may be taken as the radius of the centre of 
gravity. Every other square inch is similarly situated; there is, 
therefore, a condition similar to that of a cj^linder at rest, with a 
fluid pressure inside it. To find the tension of the shell per square 
inch, I proceed, as in boiler calculations, and multiply the radius 
in inches by the pressure per square inch, and divide by the thickness 
of the plate in inches. 

Clearly, for a given empty drum and a given speed this tension 
per square inch is independent of the thickness of plate ; because 
the virtual fluid pressure varies as the thickness, and so does the 
area of metal to resist the stress. Further, the tension per square 
inch is independent of the radius, and depends only on the linear 
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velocity. For, in the complete calculation, it is necessary to both 
divide and multiply by the radius ; to divide by it in finding the 
centrifugal force of a square inch of shell, and to multiply by it in 
what may be called the boiler part of the calculation. 

It is well, therefore, to have an expression for the tension per 
square inch in terms of the linear velocity only. It is useful in 
many other cases than centrifugal machines. Since the tension is 
independent of the thickness, take a hoop, of one square inch in 
section, of steel weighing '28 lb. per cubic inch. 

The tension on the square inch of cross section is 

•28t;2 _ ^^^ ^ 

gr ' 

V being feet per second linear speed. 

The radius r is in feet for centrfugal force, and 12r is the radius 
in inches for the fluid pressure calculation. 

For cast iron of '26 lb. per cubic inch, we have 

•26?;2 X 12r ^^^, , 
= -0975 «;2. 

It may, therefore, be taken as an easy approximate rule, for both 
steel and cast iron, that the tension per square inch in pounds is 

= 10* 

This is about 5 per cent, too low for steel, and 2 J per cent, too 
high for cast iron. 

That being so with the empty drum, let a load of solid material, 
such as sugar in<grains, be introduced into the drum, and disposed in 
a concentric annulus on the walls of the drum. It is not my con- 
tention that the dry sugar is all that need be taken into account 
in determining the strength of a sugar centrifugal machine, I am 
only investigating the general question of the effect of the presence 
of a solid. 

Fig. 3 represents the annular mass. Let AB be one inch of the 
circumference of the drum, in a slice one inch deep as before. Draw 
the radii OCA, ODB. 

Then the wedge of matter ACDB presses with its oentrifugal 
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force on the square inch, of which A B is one edge. This increases 
the virtual fluid pressure without contributing anything to the 
strength of the shell. The tension per square inch is increased 
above that of the empty shell at the same speed, in the ratio of the 
sum of the centrifugal forces of the wedge of solid matter and of the 
square inch of shell, to that of the piece of shell only. Not, observe, 
in the ratio of the sum of the weights of wedge and shell to weight 
of shell only; because the radius of the centre of gravity of the 
wedge is less than that of the shell. 

The radius of the centre of gravity of the wedge is the same as 
that of the plane area ACD B ; which, by a well-known proposition 
given in all elementary works on mechanics, lies in the centre line, 
and divides it in the ratio 

2 AB + C D 
AB + 2CD' 

the shorter length being, of course, next the larger end. The 

O C 

volume of the wedge is easily calculated, as CD = q-t- of an inch. 

Having the volume, the weight of the wedge follows from the 
density of the material. But in the case of granular matter, not the 
true, but the apparent specific gravity must be taken. Thus, for 
example, the real specific gravity of sugar, say, of a lump of sugar 
candy, is 1*6 or 100 lbs. per cubic foot; but sugar in grains, with 
air spaces between the grains, weighs only 62^ lbs. per cubic foot, or 
as nearly as possible the same as water. 

Next, suppose that instead of a granular solid in a perforated 
basket we have a liquid in a water-tight drum. How are the 
conditions altere'd ? It might appear at first sight as if the pressure 
of the liquid on the walls were' the same as that of a solid of equal 
weight and equal depth of annulus, but it is not so. The pressure 
is the same as if all the liquid were concentrated on the walls ; so 
that, in calculating the pressure on a square inch, the radius of the 
drum must be taken, and not that of the centre of gravity of the 
wedge. This statement is sometimes received with incredulity, but 
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it is nevertheless true. Nay, more, the pressure per square inch is 
absolutely independent of the diameter of the drum for a giren 
quantity of liquid per inch depth of drum, and for a given number 
of revolutions per minute ; nor does it depend on the density of the 
liquid, but only on its total weight. 

Consider any weight of liquid placed in a cylinder one inch in 
depth, and of any diameter ; let the quantity of liquid be such as to 
make, when spun, a film of inconsiderable thickness on the circum- 
ference of the drum. At any given angular velocity this weight of 
liquid has a certain centrifugal force, which is divided over the 
number of square inches there are in the circumference, producing a 
certain pressure per square inch. 

Now, let the same liquid be transferred to another drum, also one 
inch deep, and m times as large in diameter, turning at the same 
angular velocity as the other. The total centrifugal force of the 
liquid is m times as great as before, but the number of square inches 
in the circumference is also m times as great ; and, therefore, the 
pressure per square inch remains the same. This holds good for 
any number of thin films inside the first, and consequently, for a 
fluid mass of any thickness, even for the case of a cylinder full of 
water. 

Clearly, then, the pressure caused per square inch by any weight 
of liquid per inch of depth can be expressed in terms simply of that 
of weight and the rate of revolution. 

Thus r being radius in feet (and 12r in inches), we have 

^ . „ . , total centrifugal force in lbs. 

Pressure m lbs. per square mch =. circumference of drum in inches, 

•000341 Wrn2 



27r X 12r • 
•00000452 Wn«, 



No general expression can be given, in the case of solids, for the 
variation of stress of shell, with variation of diameter, etc., because 
the actual size is required to arrive at the shape of the wedge. But^ 
in the case of liquid loads, it is easy. If "proportionally loaded 
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shells" are those in which the weight of fluid bears the same 
ratio to the weight of shell, the following statements are true : — 

In proportionally loaded shells the tension per square 
inch, depends on the linear velocity only, being as the 
square, and is independent of the diameter. 
The weight of liquid contained, per inch of depth, varies 
directly as the diameter and as the thickness of 
the plate. 
For given angular velocity the hydrostatic pressure varies 
directly as the diameter and as the thickness of the 
plate ; and 
The shell tension varies as the square of the diameter. 
If any proposed shell appears weak, and the thickness be increased 
to get more strength, the increase in strength is not proportional to 
the increase in thickness ; because the additional weight, and con- 
sequent centrifugal force introduced, go to discount the advantage. 
For example, take a shell J-inch thick, with 4 cubic inches of 
water on every square inch. A square inch of the plate weighs 
•07 lb., the water on it -14 lb., or, twice as much. Whatever the 
speed or radius, these weights will both have the same multipliers 
to arrive at their centrifugal force; therefore, for comparison, one may 
take the numerals 1 and 2 as the respective tensions caused by plate 
and water, and, if the thickness be doubled, the numerals 2 and 2 
wiU express those tensions. 

Now, the safety of the plate is proportional to 

thickness of plate 
total weight. 

In the case, however, of the J-inch plate, 

1 1 



and, for the ^-inch plate, 



1+2 3 



1 



2 + 2 2 

So, in this case, increasing the plate 100% only gives 50% more 
security. 
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I now come to the question of corresponding speeds. Girena 
machine of a certain diameter, running at a certain speed, and doing 
satisfactorily a certain kind of work : At what speed must a machine 
of a different diameter be run to do the same kind of work ? Bj 
the same kind of work, I mean, for example, curing sugar to the 
same condition, wringing textile goods to the same degree of dir- 
ness, or separating two fluids, such as milk and cream, as efficiently 
and as quickly. This is a most important -question, and the failure 
to understand it has led to many disappointments. 

Evidently there must be the same centrifugal force in the two 
machines for a particle of a given weight on the circumference. 

If two drums, of diameter d and d^ respectively, and revoluuons 

per minute n and n^ are to have the same centrifugal force, it follows 

from our formula that 

dn^ = <^i»i^ 

that is " '^ 



^1 V 



d 

or the revolutions for equal centrifugal force vary inversely, not as 
the diameters, but as their square roots. 

It follows that, if one drum be m times the diameter of the 
other, its linear speed, to give the same separating force, must be 
Jm times the diameter of the smaller one. That is to say, for 
similar machines, the linear speeds must be as the square root of the 
dimensions — a law which will be recognised as being identical with 
Fronde's Law of Comparison. It is probable that the naval architect 
and the maker of centrifugal machines are regarding the same truth 
from different standpoints. If the machines are run at the same 
linear speed, the centrifugal force of the smaller one is ( Vw )^, or 
m times that of the larger, which, indeed, follows at once from the 

elementary expression — . 

T 

Here is a strong reason for employing small machines when 
treating subhtances difficult to separate. The linear speed is limited, 
for that determines the shell tension; therefore, to get a high 
separating force, we must make r small. But, even when the large 
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machine is safe and practicable, there is another reason for choosing 
the small one, and that is that the horse-power required to treat a 
given quantity of a given substance in a given time varies directly 
as the diameter of the drum employed. The power per machine is 
still greater, because the larger machine holds more ; but the total 
power for a given quantity in a given time varies as the diameter. 
For nearly the whole motive power goes in accelerating the drum 
and load, and the energy imparted is as f^^ or (^dia.)^ — that is, 
simply as the diameter. Of course, practical considerations prevent 
the employment of too small machines and too many of them. The 
attendant must have elbow-room in the drum for discharging the 
material, but a 40-inch drum is always preferable to a 60-inch, 
as one third less power is wanted. 

So far, I have supposed that, as is generally the case, the thick- 
ness of the plate is negligible in comparison with the radius. But 
in some small machines where high separating force is required, 
such as cream-separators, this is not the case. Time will not permit 
going fully into this matter, but I will just indicate one interesting 
fact. 

The shell is subjected to tension from two causes — ^from its own 
weight, and from the liquid within it 

Suppose the drum to be at rest, and to be subjected to an internal 
liquid pressure equal to that due to the load when revolving ; then, 
in this case, the metal inside the cylinder is subjected to a greater 
tension than the outside. 

In cast hydraulic cylinders, for instance, the outer layers only 
begin to take up their stress when the inner layers are highly 
stretched ; and for this reason guns are built up with shrunk hoops, 
having an increasing initial tension as they get farther from the 
centre, so that when the gaseous pressure comes on, the tension of all 
the hoops may be about the same. 

When the empty drum is revolving, the tension due to centrifugal 
force is greater outside than inside, because the linear velocity is 



v3 



greater there. The simple formula tt: which was arrived at for thin 

16 
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hoop0, does not apply to the outer and inner layers respectively, 
because the layers of which the thickness is made up are not free to 
stretch independently ; the outside tension is less, and the inside 
greater than that formula gives. 

So when the drum is spun with its load, and the tensions due to 
both causes come on it, it is rather in the condition of the built-up 
gun than of the cast hydraulic cylinder. And it is possible, though 
the calculation is difficult, to make a thick drum in which the inside 
and outside layers are subjected to equal tension — ^a very desirable 
result, where the utmost strength of the best metal that can be made 
is required. 

Having considered the principal points in the construction of the 
shell, I pass to the behaviour of the machine when running. 

In the early days of centrifugal machines they were constructed 
with horizontal spindles, but this type has disappeared almost 
entirely. There are a few surviving examples in Peni, and poesibly 
elsewhere. 

Next they were made with vertical spindles, running in two fixed 
bearings, the lower one forming a step to support the weight. 

Thousands of such machines are working fairly well all over the 
world, but their bearings wear out rapidly, and they take more 
power to drive them than a type I shall draw attention to, on 
account of the impossibility of insuring that the drum and its con- 
tents shall be balanced about the axis. The wear and loss of power, 
and the danger to axle and bearings, of an unbalanced revolving 
system, are well known. 

The type of machine which has superseded the above is that 
invented some thirty years ago by David Westou, an American. It 
is now made by several makers at home and abroad, and has for a long 
time been recognised as the best pattern for most purposes to which 
centrifugal machines are applied. 

Instead of having a fixed axis, it is suspended from a point near 
the top of the spindle, about which it can oscillate within certain 
limits, being constrained by the pressure of india-rubber buffers. 
Fig. lY. shows the principal parts of the Weston machine, a ]b 
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a beam from which the machine hangs ; 5 is a bracket in halves, 
holding two india-rubber buffers cCy which grip the internal 
spindle e, which does not revolve; / is the outer revolving 
spindle, to which are keyed the pulley d for the belt and brake, and 
the basket g\ ^ is the protective casing. 

When the machine is not revolving, if the basket be drawn to one 
side by the hand and released, it returns to the vertical with con- 
siderable force, as both its weight and the pressure of the buffers 
combine to make it do so. 

When made to revolve with a load in it of liquid or plastic matter, 
it is almost inevitable that the centre of gravity will not lie in the 
centre line of the spindle, owing to the unequal distribution of the 
load j the basket then revolves, not about the geometric centre, but 
about the centre of gravity. This circumstance very greatly assists 
the redistribution of the load, causing part of it to move from the side 
where there is too much, to the side where there is too little. As 
the centre of gravity shifts, the machine revolves about its new 
position, until in a short time, if the material is fairly plastic, the 
centre of gravity coincides with the geometrical centre, and the 
spindle runs true. Sometimes this condition never arrives ; in 
treating some solids, carbonate of soda, for instance, a great lump is 
occasionally found on one side which cannot distribute itself, and 
which causes a permanent eccentric motion. If this be not too 
great, no harm results, only the spindle does not run quite true. 

But if it does run true, at the moment of arriving at this condition 
the spindle is sure to be in an inclined position to the vertical. It 
might be supposed that, in such a case, the weight of the machine 
and the pressure of the india-rubbers push the spindles straight in 
to the vertical. It is found, however, that the spindle takes up a 
second motion, its axis describing a cone in space, this motion being 
very much slower than the rotation about its own axis. The 
vertical angle of this cone gradually diminishes, each point in the 
axis describing a spiral till the spindle is vertical. 

It may be thought that it is the weight of the machine and the 
pressure of the india-rubbers which ultimately bring the spindle into 
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the vertical position, even if it goes round the spiral aever&l timet 
before it gets there, but that is not so. The fact is, the rapidly 

revolving machine possesses the properties of the gyroscope, that 
fascinating piece of mechanism which so many regard as a sort of 
omilkorhyiicus paradoxus in the mechanical world : a creAtare posses- 
siDg functions which it has no business to possess. 

Let us leave the centrifugal machine for a minute and experiment 
with the gyroscope. Here is a nicely balanced top turning in bear- 



Fig. 10. 



ings in a circular hoop; the hoop turns on a horizontal axis at right 
angles to the spindle of the top, in bearings in a Y'^baped support ; 
and this support again tnrns about a vertical axia. 

Now, I spin the top, with the spindle nearly but not quite vertical, 
so that it revolves in the direction of a watch lying face up on the 
table. I now try to tarn the Y-fraxao about its vertical axis in the 
same direction as the top; the frame feels very stiff, but the top 
immediatelj places its spindle vertical, and then the Y-f<^<iii>6 turns 



CENTRIFUGAL MACHINE. 245 

easily enough. I repeat this experiment, placing the spindle farther 
and farther away from the vertical each time, bat it always returns 
to the vertical with the same end up. If I now reverse the couple 
applied to the Y^fTAme, the top immediately turns upside down so 
that both top and frame seen from above, revolve contra-watchwise. 
Evidently then it has this property, that it will, if free, place itself 
so that its spindle coincides with the axis of the Y-itd^m^^ and its 
rotation is in the same direction as that of the impressed couple. 

If I place the apparatus horizontally or at any angle, and apply a 
couple to the yf^irdknae^ precisely the same thing happens. If I hold 
the instrument at arm's length and swing my arm round in any 
plane, the spindle of the top places itself at right angles to that 
plane; and as I reverse the motion of my arm the spindle turns 
through 180 degrees, so as still to revolve in the same sense as the 
frame turns. 

This motion of the spindle into the position of correspondence with 
the applied couple is called precession. Where the applied couple 
remains in one plane, as in the previous experiments, and the spindle 
is free to turn, the precession takes place through an angle of not 
more than 180 degrees, and then stops, for equilibrium is obtained. 
Now, placing the instrument on the table in its usual position, 
with the axis of the Y-^^ame vertical; and the top-spindle either 
horizontal or inclined, I spin the top and apply a weight to the hoop 
at one end of the spindle; then, instead of the spindle turning in a 
vertical plane and becoming upright, as it would if it were not 
spinning, the system revolves continuously about its vertical axis. 
The reason is, that the couple caused by the weight about a horizontal 
axis, makes an effort to process about the vertical. The system obeys 
this effort to precess, and makes a small movement towards the 
position in which the spindle is at right angles to the plane of the 
couple; but in doing so changes the plane of the applied couple 
by carrying the weight round with it. In the new position 
there is still an effort to precess, so the precession continues and 
never stops ; the plane of the applied couple is always changing and 
chasing the system round, so to speak, so that the spindle of the top 
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never gets into the position of identity of revolution with the applied 
couple. If I place the weight at the other end of the spindle, the 
precession, of course, reverses its direction. If I increase the weight 
the speed of precession increases, but the spindle of the top preserves 
the same angle with the vertical. 

This shows that the weight of the Weston centrifugal machine, 
and the pressure of the india-rubber buffers towards the vertical, 
will not bring the spindle upright but will only make it process. 
Yet we know that there are thousands of Weston machines which 
do come upright. What is the reason ? Let us ask the gyroscope. 

It is easy to predict which way the precession will take place in 
the case of an inclined top, such as the Weston machine is when 
deflected from the vertical, supported above its centre of gravity. It 
is only necessary to remember the property with which I started, 
that the spindle is trying to place itself where it will revolve in the 
same direction as the couple formed by its weight and the upward 
reaction of the support. When the centre of gravity is below the 
point of support, the precession will be contrary to the rotation of 
the spiodle, while if the centre of gravity be above the point of 
support, the precession will be in the same direction as the rotation. 

The suspended centrifugal machine therefore precesses in a contraty 
direction to the rotation. I place the gyroscope with the spindle 
inclined to the vertical and the lower end loaded, so as to represent 
the machine. 

Does the rule which holds good in the case of a single applied 
couple, also obtain when a second couple is applied? The top 
having a rapid rotation, and precessing under the action of a vertical 
couple in an ever-changing plane, I apply a horizontal couple to the 
Y -frame in the same direction as the rotation, that is contrary to the 
precession. There, you observe the spindle immediately becomes 
vertical, the loaded end going to the bottom. I reverse the hori- 
zontal couple, making it contrary to the rotation and in the same 
direction as the precession, the top turns upside down, the loaded 
end going to the highest point. Hence it appears that the rule is 
general. 
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The offect of the application of the second couple, when the body 
ia abready precessing under the action of gravity, may be described 
thus: — "Accelerate the precession, and the centre of gravity 
rises ; retard the precession and the centre ol gravity falls " — a truth 
first enunciated by Lord Kelvin. The reason of the stability of the 
Weston machine will be apparent from the following consideratioD. 

The india-rubber buffers, though elastic, are not perfectly so, and 
give back less force in expanding than is required to compress them. 
Hence, there is an absorption of power in keeping up the wobbling 
motion of the inner spindle in the buffers ; in other words, there is a 
force analogous to friction opposing precession. 

As a similar instance of the non-perfect elasticity of india-rubber 
I might take a solid bicycle tyre. It is compressed in front of the 
point of contact with the ground, opposing the motion ; it expands 
behind the point of contact, assisting the motion. But it opposes 
more than it assists, hence the well-known loss of power with the 
solid tyre. 

It is just this slight retardation of the precession which brings the 
Weston spindle upright and retains it there. The spindle, apart 
from this action, is not stable even when upright, for the machine is 
spinning about its longest principal axis, and if free to choose its 
own axis of rotation it would rotate about the shortest, which is 
perpendicular to the length of the spindle. But the india-rubbers 
are always on guard, so to speak, and immediately the spindle leaves 
the vertical ever so little, precession commences, the india-rubbers 
retard it, and the spindle returns to the vertical. 

The rates of rotation and precession are connected by the following 
formula — 

^ W Rgflo) 
C = > 

where C is the applied couple in pounds and feet, K the radius of 
gyration of the top in feet, the angular velocity of rotation, and a> 
the angular velocity of precession, g the force of gravity, and W the 
weight in pounds. 
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To put this into engineers' notation, let N be revolutions per 
minute of rotation, and n those of precession ; then since 

, , . revs, per min. x 2 tt 
angular velocity = wk » 

WK« X 4^2 Nn 
^" 602 X 32 

= -000341 W K2 N w, 
which is very like the formula for centrifugal force. 

Tlie analogy is best expressed in angular measure, and stated thus — 

(1) To rotate the linear momentum mv with angular velocity » 
requires a perpendicular force of magnitude mi; x w 

for w = - and so mv w = — > 
r r 

which is the centrifugal force. 

(2) To rotate the angular momentum I (1 12 being the moment 

WK2\ 
of inertia ), with angular velocity o> requires a per- 
pendicular couple of magnitude Ii2o> = , which is the 

couple necessary for precession ab rate w. 

As to the measure of the couple bringing the spindle in to the 
vertical, or taking it farther out, when the precession is retarded or 
accelerated, it is equal to the above couple C multiplied by the 
angular rate by which the precession is increased or decreased, the 
increase or decrease being expressed in terms of the natural rate of 
precession o), or n revolutions per minute. For instance, if the 
precession be accelerated to 2n revolutions, the extra or impressed 
speed is only n, and the couple turning the spindle farther from the 
vertical is C, as above. If the precession be accelerated to l^n, the 

extra speed is ^, and the couple is — . If the precession be 

absolutely stopped, a backward speed n has been impressed, and 
the couple bringing the spindle upright has the value C, and in 
proportion for any backward speed impressed. 

The inability to understand this action has led people to suppress 



CENTRIFUGAL MACHINE. 249 

the india-rubbers, and replace them by a universal joint as friction- 
less as possible, such as a compass or gimbal joint. The attempts 
failed for want of a couple to retard the precession, the drum 
dashing against the casing in a most dangerous manner. 

Indeed, the Weston machine itself is not all that can be desired. 
The retarding force of the india-rubbers acts at a very great dis- 
advantage — that is, at a very short radius from the point of 
suspension — and is necessarily accompanied by the much greater 
force pressing the spindle towards the centre, which has been known 
to bend the inner spindle just below the lower india-rubber. 

For the treatment of liquids it is not satisfactory, as waves 
form in the drum before full speed is attained, and these throw the 
drum off the balance to an extent which the india-rubbers are 
powerless to prevent. A 30-inch Weston machine 14 inches deep, is 
almost more than a strong man can control by pressing a lever 
against the spindle. 

Many sugar makers object to the use of the Weston machine 
for low -class sugars, on account of the uncertainty of its behaviour. 

I have quite recently made an attempt to dispense with the 
india-rubbers, and produce the necessary retardation of the pre- 
cession by other means. 

A machine was constructed, as shown in Fig. 5. It has a solid 
spindle, quite free to swing about a spherical or ball and socket 
joint at the top. Without something to retard the precession this 
machine would lack dynamical stability, in the same way as those 
I have already alluded to. But, below the drum, the spindle extends 
a short distance and turns in a hole in a light weight, which rests 
on the bottom of the monitor case, on which it is free tp slide about. 
As long as the spindle remains upright this weight has no effect, 
but the moment the spindle leaves the vertical, the weight is dragged 
round in a small circle. The friction on its support retards the 
precession, and the spindle returns to the vertical. The weight does 
not support any part of the weight of the spindle and drum, whiph 
hangs entirely on the top support, of which a section is shown in 
Fig. 6. It wiU be seen that the support is an oil basin /, having 
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a central pipe rising in the centre, through which the spindle 
To a cone on the top of the spindle is fastened, by a nut, a piece of 
cast-iron d, whose underside is a portion of a hollow sphere, which 
fits on a solid spherical segment on the brass bush e. This bash 
has a flat underside which turns on an iron washer h, which 
does not revolve. The flat surfaces take the friction of rotation, 
after the manner of a thrust-block, while the spherical surfaces give 
freedom to oscillate. The flat surfaces are drowned in oil. This 
machine has an imperforate drum, 80 in. diameter bj 14 ins. deep, 
and can be started with water in it without anj assistance from the 
attendant. It is so stable that, when forcibly displaced, the spindle 
returns to the vertical almost in a straight line instead of a spiral, 
as in the case of a similar drum mounted on a Weston spindle, and 
loaded with a solid. When loaded with water, and mounted on the 
Weston spindle, the m:ichine was almost uncontrollable. The 
weight of the precession- re tarder in the machine, shown in Fig. 5, 
is less than 10 per cenc. of that of the revolving parts, and is 
probably heavier than need be. 

Fig. 7 shows the supporting basin placed above instead of below 
the beams, and Fig. 8 the general arrangement of a bottom dis- 
charging machine so supported. Here the precession-retarder takes 
the form of a spider with three legs, the extremities of which rest 
on the upturned edge of the bottom of the monitor case. The 
spider of the basket, connecting the boss to the outer part, has 
generally five legs, so any lump of material which will pass through 
the basket spider will more easily pass the precession-retarder 
spider. 

Fig. 9 shows the suppojt below the beam, and the spindle 
extended upwards and engaging a precession-retarder resting on the 
beams. Here the retarding force is transmitted from the point of 
suspension by cross-bending stresses in the spindle, just as in the 
Weston machine. This may serve for sugar and similar substances, 
but for liquids the better place for the retarder is below the drum. 

Of course, the Weston spindle may be fitted with the precession- 
retarder above or below; either retaining its india-rubbers, or 
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replacing them with a ball and socket, or a gimbal joint, for the 
inner spindle. One way of steadying an erratic machine is to put a 
bar across the top of the monitor casing, with a bearing in the centre 
for the spindle which drags the bar round during precession. The 
bar may be kept to one approximate position by having a long slot 
in one end going over a stud fixed at one side of the casing. This 
is, however^ a clumsy contrivance, and much in the way of the 
attendant ; few manufacturers would tolerate it. 

It is probable that David Weston himself did not know why his 
machine ran steadily. But he, and indeed everyone who has 
handled his machines, down to the most ignorant coolie, has, whether 
he knew it or not, retarded the precession in order to control 
oscillations. For the accepted practice is to take a long* bar of 
wood, and, placing it on the top of the monitor casing, to use the 
framing as a fulcrum, pressing the bar against the spindle. No doubt, 
most people think that the good is done when the spindle is leaning 
towards the operator, on the centre so to speak, and he is pushing it 
towards the vertical. I hope I have made it apparent that that is 
not so ; he is then only increasing the precession. The good is done 
when the spindle is approaching him, for then he is retarding the 
precession. If he pushes while the spindle is receding, he does 
positive harm, and increases the inclination of the spindle. But 
the frictionalretarder always opposes the precession, hence its 
superiority. 

There is another type of centrifugal machine also due to David 
Weston, in which the point of suspension is below the drnm instead 
of above, and the oscillation is controlled, as in the type already 
considered, by india-rubber buffers. Were it not for the buffers, it 
would be in unstable equilibrium, the precession would be in the 
same direction as the rotation, and it would be necessary to 
accelerate the precession in order to make the centi;e of gravity 
rise and the spindle to come upright. But the couple caused by the 
pressure of the india-rubbers overcomes the gravitation couple, and 
the net couple is therefore in the opposite direction. Hence the 
precession is contrary to the rotation, and being retarded by the non- 
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perfect elasticity of the india-rubbers, the syBtem yields to that 
net couple. 

It is easy to see that this type has less stability than the other, 
because the difference of the couples caused by gravitation on the 
one hand, and by the pressure of the india-rubbers on the other, is 
available, and not the sum of those couples as in the case of the 
suspended machine. For this reason the type with the point of 
suspension below cannot be used for liquids. 

I stated above that acceleration of the precession causes the centre 
of gravity to rise, yet in this case the retardation causes it to rise. 
There is no inconsistency if the general law is expressed, thus — If 
a body revolves and precesses under the action of any couple which 
changes its plane as the body precesses, the retardation of the 
precession makes the. body yield to the couple, while the acceleration 
of the precession makes it overcome that couple. 



Correspondence, 
A MEMBiiR — Mr Matthey's paper was of considerable interest, 
more especially in respect to his experiments with the gyroscope. 
Mr Matthey shewed tliat when a couple was applied to the Y^frame 
of the instrument, while the top was spinning, some resistance was 
offered to a change of position, but the top eventually accommodated 
itself to a position due to the direction of the couple. A problem 
which appeared to involve this action of the gyroscope had pre- 
sented itself to him, and, if Mr Matthey could elucidate it, he 
thought it would be of considerable interest to the members of the 
Institution. Any revolving body, such as a screw or a paddle- 
wheel, became a gyroscope when free to move about any axis other 
than its own, or free to change its plane of rotation. If the 
horizontal and vertical axes of the hoop and \('iTZ,mQ were fixed, 
and the top made to revolve, What would be the value of the 
couple to change the plane of rotation ? In a screw vessel pitching, 
or a paddle vessel rolling, while under way, the propeller constantly 
changed its plane of rotation, and the couple to resist such 
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change was applied through the shafting, thus throwing additional 
stresses on the shaft whieh were not allowed for in any of the 
recognised rules, and these stresses, he believed, did materially 
affect the factor of safety. Many good, sound shafts, stronger for 
their work than recognised rules required, had failed, or shown 
signs of failure, and the causes had usually been attributed to weak 
ships, heavy racing, or excessive vibration. These, no doubt, 
individually or collectively, might be to blame in some cases, but 
might not the gyroscope in the hands of Mr Matthey clear up 
another factor in these serious mishaps, and give marine engineers 
a value for such stresses. 



Discussion. 

The discussion on this paper took place on 25th April, 1899. 

Prof. A. Jamieson (Member) was impressed with the lucid manner 
in which Mr Matthey had brought forward the several points in his 
paper, and was still more impressed by his proving the law of 
centrifugal force without the use of the calculus. It was only a 
few meetings ago since Mr Matthey had struck out so hard for the 
calculus, that he thought he was going to bring before them some- 
thing that they did not understand. On page 236 there was the 
expression — "It may therefore be taken as an easy approximate 
rule for both steel and cast-iron that the tension per square inch in 

pounds was = — " He had taken the trouble to look up Professor 

Perry's latest work on Applied Mechanics, published at the end of 
1897. On page 323 of that book it was stated that: "Taking 
the working tensile stress in wrought iron of a pulley as 6,000 lbs. 
per square inch, the rim speed ought not to exceed 850 feet per 
second. The usual limiting speed of cast iron pulley rims is 80 feet 
per second." Would Mr Matthey in his reply kindly distinguish 
these differences. If the question was worked out by Mr Matthey's 
formula the stress came to 72,250 lbs. per square inch of tension 
— a very different matter from Professor Perry's statement 1 In 
order to show how little was understood of this intricate subject 
twenty-five years ago, he would instance a case which came under 
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his observation. Whilst attending to the laying and repairing of 
submarine cables in Brazil, in 1874, he happened to be in the port 
of Bahia, and was invited to witness the trial of a new centrifugal 
machine for the drying of sugar. The speed was gradually raised 
until the machine began to show signs of distress. He was com- 
pelled to leave during the trial, and when he returned he was horri- 
fied to find one of his friends and a negro had been killed, whilst 
several others had sustained severe bruises ; and the machine was a 
perfect wreck. It was clear that the proper balancing of the 
machine had not been understood by the makers, and therefore the 
lamentable result. He had much pleasure in complimenting Mr 
Matthey in producing a paper of great practical value in connection 
with centrifugal machines. 

Mr Robert T. Napier (Member) thought to many present the 

W v'^ 
formula — ^ — had been given a new lease of life ; and suggested 

that Mr Matthey would confer a favour by adding to his paper an 
appendix giving a demonstration of the formula on page 247, dealing 
with the gyrostat. Regarding the latter interesting mechanical 
combination, its use had yet to be found out. Mr Matthey, as it 
might be noticed, had devoted his ingenuity not to using its peculiar 
properties, but to neutralising these. When he (Mr Napier) was a 
boy, he remembered seeing the gyrostat tried as a clinometer, but in 
this connection it had long been superseded by the familiar short 
pendulum. About twenty-five years ago, when the steamer 
*' Bessemer" was on the stocks, the designer of that vessel^ under 
the idea that the gyrostat in rotating preserved a horizontal plane, 
worked out an application of it to control automatically the valves 
in connection with the hydraulic rams that regulated the movement 
of his swinging saloon. This arrangement was fully illustrated and 
described in Engineering at the time. It drew forth not a little 
ridicule from others who understood the matter better, and, as a 
fact, when the steamer was tried, the gyrostat gave place to a man 
with a spirit level. 
Prof. A. Barr (Member) said he considered Mr Matthey *s paper 
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a valuable one. He thought that there was a simpler proof of the 
formula for centrifugal force than that given by the author of the 
paper, and perhaps a more strict one, and with all deference to Mr 
Matthey's ingenuity, he would say a more elegant proof. He 
referred to the proof by the hodograph method. Some members 
might be interested in looking it up ; it was easily followed. They 
would find it in Clerk Maxwell's small book on "Matter and 
Motion."* 

Mr Matthey, in reply, thanked the members for the kind 
manner in which they had received his paper. He had purposely 
avoided the use of the calculus in his paper, because he wished to 
place the matter on a simple and easily understood basis, such as 
would be useful in any drawing office. When there were two ways 
of proving anything, the simpler was always the better. He under- 
stood Professor Jamieson to say that Professor Perry had given 
850 feet per second as a safe circumferential speed for wrought 
iron. 

Professor Jamieson — It ought to be 80 feet ; Professor Perry had 
made a mistake. It was 850 feet in his book, but it should be 
about 80 feet. 

Mr Matthey — He was perfectly sure the iron would go to pieces 
before the speed of 850 feet was reached. By this formula the 
tension at that speed would be (850)^ divided by 10, or 72,250. At 
any rate, the appeal was to reason and not to authority. He would 
like someone to overhaul his argument to see if there was any flaw 
in it. 

Professor Babr — From 80 to 100 feet per second was the usual 
rule. 

Mr Matthey — That was so for cast iron; 100 feet gave about 
1000 lbs. per square inch, and it was perhaps wise not to exceed 
that for cast iron. He would run a wrought iron rim without fear at 
double that speed, which gave four times the tension. Even 300 feet 
per second, giving 9000 lbs. tension, or 4 tons, might in some cases 
be adopted. The statement of Professor Perry was doubtless one 

* ** Manuals of Elementary Science," 
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of those slips which occurred in the hest written books. Mr Napier 
referred to the gyrostat as a leveller on board a rolling ship, and 
had instanced the ^' Bessemer" saloon steamer. He (Mr Matthej) 
remembered that ship, and had been on board of her during a trial 
in the Millwall Dock, where, instead of the saloon remaining level 
while the ship rolled in rough water, the saloon was made to 
roll while the ship remained stationary in smooth water. The 
scheme was founded on a misapprehension. Sir Henry Bessemer 
was a great steel maker, but he did not at that time understand the 
gyrostat. Doubtless, a man of his character would master it after- 
wards. The *' Bessemer" went on trial in the Channel in rough 
water ; but the gyrostat utterly failed to control the hydraulic 
machinery which was to actuate the saloon. In consequence, 
the ship returned with the saloon locked by a special contrivance, 
provided in case of emergency. That the gyrostat possessed the 
property of fixity of direction was quite a mistake. The general 
impression seemed to be that it absolutely resisted small disturbing 
forces, and only yielded to forces of comparatively greater magnitude 
— ^just as a tall column, depending for its stability upon its weight, 
resisted small upsetting forces, but yielded suddenly when those forces 
reached a certain value. In an article describing the " Bessemer " 
steamer, in Engineering^ of 9th October, 1874, the following state- 
ment occurred — " A heavy disc or wheel made to revolve rapidly 
in any given plane tends always to remain revolving in that plane, 
and it can only have the direction of its axis of rotation changed by 
the application of considerable force, the amount of this force 
depending npon the weight of the revolving body and its speed of 
rotation." The opinion therein expressed was utterly wrong. The 
gyrostat obeyed the very smallest couple. Not perhaps as fast 
as one might expect, nor in the direction one might expect, unless 
he had studied the subject ; but the motion was inevitable The 
largest gyrostat whose motion they could measure was the earth. 
On account of its oblate figure, and the law of attraction of inverse 
squares, the resultant pull of the sun did not pass through the 
centre of gravity of the earth, while the resultant centrifugal force 
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of the earth did; hence there was a coaple, extremely feeble in 
relation to its surroundings, acting in such a way that, but for the 
rotation of the earth, it would bring the polar axis square to the 
plane of the orbit. Did the earth ignore that feeble couple 1 No ; 
but owing to the rotation which constituted her a gyrostat, she did 
not alter the inclination of her axis to the ecliptic, but precessed in 
a conical motion which took no less than 26,000 years to complete 
one cycle. Mr Napier asked him to give a proof of the formula 
connecting the rates of rotation and precession. 

Mr Napier — He simply asked him to supplement his reply in 
writing. 

Mr Matthey — He would do so with pleasure. It would have made 
his paper too long had he included this proof, but he would give it 
in his written reply to the correspondence. Professor Barr had 
mentioned another way of proving the law of centrifugal force 
without using the calculus ; viz., by the hodograph. Did not that 
consist in making a sort of supplementary diagram, in which radii 
corresponded to tangents in the original diagram of motion ) 

Professor Barr — Radii in the hodograph represent velocities of 
the moving body. If a diagram of velocities is so made, the radius 
of the hodograph goes round with that of the moving body, and 
then the velocity of the extremity of the hodograph radius represents 
the acceleration of the original moving body. 

Mr Matthey — By that means was the use of the calculus, or 
the conception of limits, altogether avoided 1 

Professor Barr — Entirely. The proof could be found in Clerk 
Maxwell's " Matter and Motion." 

Mr Matthey said he would refer to that. There was nothing 
like having two ways of doing a thing, and one always learned 
something in studying a matter from a new point of view. He 
thought he had now answered all the points raised in the discussion. 

On the motion of the President a hearty vote of thanks was 
awarded Mr Matthey for his paper. 

In further reply to the discussion and correspondence, Mr 
Matthey wrote as follows : — In Professor Perry's Applied 

17 
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Mechanics he found that 850 feet per second was seriously meant 
as a safe speed for a wrought iron wheel, and the tension, 6000 Ibs^ 
as that was quite consistent with the formula given ; namely, 

Tension = . 

9 

Professor Perry's formula was undoubtedly wrong ; the multiplier 
12, the number of inches in a foot, had been omitted. The 
centrifugal force of a square inch of rim should be multiplied by 
the radius in inches, not in feet, to arrive at the shell tension, 
just as in the case of boilers. To give 6000 lbs. tension per square 
inch the linear speed should be about 246 feet per second. With 
regard to the proof of the formula connecting the rates of rotation 
and precession, which he promised Mr Napier at the last meeting, 
he would first mention that he had been asked by several 
individuals to explain why it was that the gyroscope behaved in 
apparent defiance to the law of gravitation. Why did it not hOU 
down when supported on a point not in the same vertical line as its 
centre of gravity ? And, why did it move in a direction at right 
angles to that of an impressed force, in apparent contradiction to the 
second law of Newton ? It should be borne in mind that a body 
could not acquire a rotation about any axis without being acted on 
by a couple about that axis ; nor, if such rotation existed, could 
it be increased or diminished, except by an accelerating or retarding 
couple about that axis. Fig. 11 showed a simple form of gyroscope, 
consisting of a heavy wheel revolving about a horizontal non-rotating 
axle, of which one end rested on a fine point. To ensure stability, 
the point of support was placed a little above the centre of gravity 
when the axle was horizontal. The plane of the paper, OX OY, 
was supposed to be vertical, the third co-ordinate axis, OZ, being 
horizontal and perpendicular to the paper. The couple caused by 
the weight of the top and the reaction of the support was shown by 
the circle passing through the point of support and the centre of 
gravity, while the arrow indicated the direction of the couple. 
This couple, about an axis parallel to OZ, might be called an OZ 
couple. Now, if, while the wheel was spinning, the axle obeyed 
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the couple by descending in the plane OY OX (as everyone expected 
it to do until he was better informed), they would have the absurdity 
of a rapid rotation of the wheel about OY, dcquired without any 
couple ahowt that axis. That could not be, and so the system obeyed 
the OZ couple by precessing, or rotating its axle in a horizontal 
plane so as to acquire an OZ rotation. At the same time it would 
lose part of its OX rotation, because the total rotation about its 
own axis remained unchanged. He would endeavour to explain 
where the couple which diminished the OX rotation came from. 
Fig. 12 showed a view on the plane OX OZ — viz., a plan, the top 
having processed through a certain angle from its position in Fig. 
11. The two arrows showed respectively the motion of the upper 
half of the wheel and the upper half of the circle representing the 
gravitation couple. The gravitation couple in a vertical diagonal 
plane might be resolved into two component couples about OX and 
OZ, and the rotation of the wheel into two component rotations 
about OX and OZ. By projecting the circle representing the 
the gravitation couple, and a circle representing a section of the 
wheel on the plane OX OY, and drawing arrows on the ellipses so 
obtained to show the rotations. Fig. 13, it would be seen that the 
rotations were concurrent. If the circles were projected on the 
plane OZ OY, it would be seen that the rotations were opposite, 
as in Fig. 14; or the OZ component of the couple increased the 
OZ component of the rotation, while the OX component of the 
couple diminished the OX component of the rotation. The effect 
of the couple was, therefore, to turn the axle of the wheel round 
horizontally, so that it continually gained OZ rotation and lost OX 

rotation. Mr Napier asked how the formula C = -y giving 

if 

the speed of precession, was arrived at. Conceiving a thin ring of 
1 lb. weight and 1 foot radius, to be acted upon by a couple 
composed of two opposite tangential forces of J-lb., Fig. 15; namely, 
by unit couple, then it followed from the law of linear acceleration 
that the mass of 1 lb., acted on by a force of 1 lb., would acquire a 
linear velocity of g feet per second in one second, or, since the radius 
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was a foot, an angular velocity of g radians. To produce Q radians 
per second, a couple of — was required. 

g 

If the weight were changed from 1 lb. to W Ibs^ the couple was 

9 
If the radius were changed to K feet, the couple required was 

g ' 

because the vis viva of the ring was as the square of the^linear speed, 
or as the square of the radius for given 12. This, then, was the 




FIQ 15, 

couple required in feet and pounds to produce an angular velocity 
12 in a body of weight W and radius of gyration K ; because, so far 
as angular accelerations were concerned, the body behaved exactly 
as if all its mass were concentrated in a ring of radius K. It would 
be seen that during one quarter of a revolution of precession of the 
gyroscope, Fig. 12, it commenced with all O X rotation and no Z 
rotation, and finished with all O Z and no O X rotation ; so that 
during the time required to precess through a quadrant, the whole 
of the O X rotation had been destroyed. If the quadrant was 
traversed in one second, what couple would be required 1 The 
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W 12 K2 
couple would destroy (as it could produce) the rotation in 

one second, if applied directly to the axis of rotation of the top ; 
but, it should be remembered that it was a varying component of 
the gravitation couple which destroyed the O X rotation, and not 
the full couple continually acting. The estimation of this varying 
effect lay within the legitimate province of the integral calculus. 
But it was an integral problem of so elementary a nature, and had 
80 many analogies which were accepted without question, that it 
might be accepted that the couple whose varying component would 
destroy the O X rotation, and so produce a quarter of a circle of 
precession per second, would be greater than the above couple in the 
ratio of the length of the quadrant-arc to the radius ; or the couple 

necessary for ^ radians of precession per second = x ^ * 

Therefore, to produce precession at one radian per second required 

a couple equal to — 

W 12 K2 T T W 12 K2 
9 "" 2 • 2 = g 
Which meant that — The couple which would produce the rotation 12 in 
the body in one second vmUd, if applied in a plane perpendicular to the 
rotation^ produce one radian of precession per second. Therefore, to 
produce precession at the rate of (o radians per second required a 

couple — 

^__ W12.K2a) 

As an integral problem very similar to the above, he would quote 
the calculation of the tension on an inch-length of the shell of a 
circular boiler. Everyone knew that the tension was obtained by 
multiplying the pressure per square inch by the radius, and not by 
the length of the quadrant arc ; though the latter was the measure 
of the total force involved. That question was so familiar that one 
was apt to forget it was a matter of integration. The components of 
the pressures on small areas in a certain direction round the quad- 
rant was summed up, and that summation or integration was equal to 
the pressure per square inch multiplied by the radius. So again in 
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the matter of centrifugal force. In the paper that was arrived at by 
considering distance traversed in a certain direction in bringing a 
body to rest in that direction. But the time required to bring it to 
rest in that direction might have been considered. The momentum 

would be destroyed in one second by the force y directly 

9 9 

opposing the body ; and the motion in any direction would be des- 
troyed by the tension of the string, Fig. 1, during the time taken 

to describe - radians. Yet a centrifugal force of would not 

rotate the momentum — at — radians per second, but only at one 
radian per second. To rotate it at co radians per second required a 

perpendicular force of x o) or since w = _ a force of 

g r gr 

From Clerk Maxwell's "Matter and Motion," the hodograph ap- 
peared to have been invented by Sir W. R. Hamilton for the analysis 
of cases of varying radius, varying linear velocities, and varying centri- 
fugal forces— notably the case of a planet in an elliptic orbit For 
these advanced problems it was an elegant and useful method of proof. 
But he could not agree with Professor Barr that it furnished a good 
proof of centrifugal force. Clerk Maxwell summed up thus— " Hence 
when a body moves with uniform velocity in a circle, its acceleration 
is directed towards the centre of the circle, and is a third propor- 
tional to the radius of the circle and the velocity of the body." Now 
these three quantities, the acceleration, the radius, and the velocity, 
were, to the ordinary mind, incommensurable. He maintained that 
it was vastly simpler and more comprehensible to say — " T?ie ceniri" 
fugal force was twice the uniform retarding force which toould bring the 
body to rest in a distance equal to the radius.'* 

Regarding the remarks of " A Member" on the gyrostatic action of 
screw and paddle shafts, he did not think the gyrostatic forces could 
be held accountable for the breakage of shafts, nor that as a rule they 
were considerable compared with the stresses caused by the effort of 
the steam on the pistons. He should like to give a numerical example 
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from practice, but he had no data as to the maximam rate of 
rolling or pitching. Nor had he at hand the weight and radius 
of gyration of a screw or paddle system. To fix the ideas, how- 
ever, the whole weight of a paddle-wheel with its shaft and 
crank might be conceived to be concentrated in the circle passing 
through the centres of the hinges of the feathering floats, and 
the couple which would accelerate this ring to full speed in one 
second calculated, the wheel revolving in air instead of water. 
Then if in a sea-way the ship rolled at one radian per second, 
an equal couple would act to turn the shaft round in the plane 
of the deck, which would be resisted by the outer engine bearing 
and the bearing on the side of the ship. For any less velocity of 
roll than one radian (about 57**) per second, the couple would be 
proportionately less. W^here the gyrostatic forces became serious 
on board ship, was in high speed fane, dynamo machines, and 
centrifugal pumps. The time had come, in these days of high 
speeds, when the gyroscope should be recognised and understood 
in every drawing office, and the mystery which seemed to surround 
it dispelled. The great mathematical writers on mechanics, like 
Poisson and Eouth, talked over the heads of most engineers. 
Kouth did not condescend to give a prdcis of his argument, but 
plunged at once into a differential equation. See '* Kigid Dynamics," 
chap, iii.. Part I., "Motion about a Fixed Axis,'' and chap, x.. 
Part L, " Motion of a Top." Also chap, xi., Part IL, "Precession and 
Nutation." Poisson, of whose work, "La M^canique," there was 
an English translation in the Library of the Philosophical Society, 
enunciated what he intended to prove. In the index was the 
following statement : — " If the axis of figure be made to deviate 
from the vertical, and if, after a rotary motion is impressed on the 
body about this inclined line, it is then remitted to itself, the motion 
of the ascending node will be direct or retrograde according as the 
centre of gravity is situated] above or below the horizontal plane 
passing through the fixed point." The expression " ascending 
node " was defined in the text. The meaning of the passage was 
that, as stated in his paper, the precession would be with the 
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rotation if the body was supported below its centre of gravity^ and 
contrary to the rotation if the body was supported from above- 
But so far as he could find, neither Poisson nor Bouth went into 
the question of the effect of a second couple tending to accelerate 
or retard the precession. If it was in their works, it was wrapped 
up in mathematics which he could not follow. Since reading his 
paper, he had discovered* that Mr Edmund Hunt had demonstrated 
the properties of the gyroscope in the clearest and most unmistake- 
able manner, with a drawing of a form of gyroscope, and diagrams 
of motion. His investigation was admirably thorough, and he 
distinctly stated that retardation of the precession caused the 
centre of gravity to fall, and vice versa. It was this property which 
concerned the maker and user of centrifugal machines, and was 
the only excuse for introducing the gyroscope into a paper on a 
subject which at first sight appeared to have nothing in common 
with that instrument. 



^ProceediDgs of the Glasgow Philosophical Society, VoL TV. 
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As no paper dealing with the machinery and equipment of a 
graving dock has hitherto been read before this Institution, it has 
been thought that it would be interesting to the members to have 
a paper on this subject in connection with the third and last 
graving dock constructed by the Clyde Trustees at Govan. 

This dock is at present one of the largest of its kind in the world, 
and is capable of accommodating the largest vessels afloat. The 
machinery for pumping it out is in like proportion, and is probably 
the most powerful of its kind applied to this purpose, Figs. 1 and 2. 
The dock lies to the south of No. 2 dock, parallel to Govan Road, 
and is entered from the new Princes Dock. The principal 
dimensions are as foUows : — 

Length of floor, 

Width of „ 

Width at top, 

Width at entrance, 

Depth of water on sill at average high 

water of spring tides, 26' 6" 

The floor of the dock is. 2 feet below the sill at 
outer entrance. 
When no vessel is in the dock, and with a tide 26 feet 6 inches 
above the sill, its capacity, or quantity of water to be removed, is 
about 13f million gallons, 2,202,000 cub. ft. or 62,914 tons, which, in 
accordance with the specified test, had to be emptied in not 
more than two hours after commencing to pump at the top of high 
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water, at the end of which time the tide outside the dock was 
expected to fall 4} feet. 

Equipment, Etc. 

Division Gates, — The dock is divided by a pair of steel hinged 
gates into two parts, the inner division being 420 feet, and the outer 
460 feet long. These gates weigh 170 tons, and each is 46| feet 
long, 33J feet high, and 5f feet wide at the centre. They are 
hinged at one end and supported at the other by a cast steel roller 
38 inches in diameter, running on a cast steel roller path 9 inches 
wide, bedded into granite blocks flush with the floor of the dock^ 
Figs. 3 to 7. 

The leading dimensions are : — 

Width within walls, ... 

Width between centres of heel posts, 

Radius of hollow quoins, 

Distance from centre lines of heel posts to 

apex of meeting sill, ... 16' 7|' 

Height of roller path floor to surface of cope of 

side walls, .•• ... ••• ... ... 32' 9" 

Height from sill level to surface of cope of 

side walls, 30' 9^^ 

The gates are built of mild Siemens-Martin steel, tested under 
Admiralty conditions. The thickness of plating ranges from |-inch 
at bottom to f -inch at top. Each gate is divided by a |-inch steel 
plate deck (No. 7) into two parts, the lower being an air chamber and 
the upper a water compartment. The bottom deck (No. 1) is stififeoed 
on the underside by diaphragms carried down to the bottom of the 
gate, while the plate deck (No. 7) at the top of the air chamber is 
stiffened on its underside by ~f -bars and bracket-knees to the shell 
An intermediate plate deck, (No. 4) similarly stiffened, is introduced 
between the top and bottom decks of the air chamber. A water-tight 
trunk way, leading from the top of the gates, gives access to the 
air chamber. 

Besides the intermediate plate deck referred to, there are four 
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braced decks (Nos. 2, 3, 5 and 6) in the air chamber formed of "f-^aro 
6 inches x 5 inches x ^-inch, riveted to the shell and cross-braced 
with similar T"^^8, 5 inches x 3 inches x g inch. 

Above the air chamber there are three similar braced decks (Kos. 
8, 9, and 10) with f-inch bracket plates at the ends and in waj 
of air trunk, while above these is the f-inch steel plate top deck 
(No. 11), the underside of which is stiflfened by T"!^®*'^^ with knees. 
At the heel post end the deck top is of 1-inch plate to take the 
pivot forging. At the heel and meeting post ends solid bracket 
plates f-inch thick are introduced. Suitable entrance manholes are 
provided in the top, bottom, and intermediate decks. 

The three cross bulkheads extend from the bottom to the top of 
each gate. Diaphragm plates, having a manhole in the centre, are 
introduced between the bottom and the bottom deck (No. 1) as well 
at the heel and meeting posts between the top braced deck (No. 10) as 
and the top deck (No. 1 1) of the water compartment. 

The bottom is formed of J-inch steel plates, with an angle 4|- inches 
X 44- inches x -g-incb, caulked water-tight all round. The plate which 
takes the heel post socket is 1-inch thick. The rivets are of iron, 
closed where practicable by hydraulic pressure. All butts have 
double riveted single straps j^g-inch thicker than the plates they 
cover, while the seams of the plating are all double riveted. 

The meeting post is formed of f-inch plating, with double angle 
bars 4^ inches x 4^ inches x f-inch all round. The heel post is 
made of 1-inch plates, with a single angle bar all round, 5 inches x 
4^ inches x |-inch. At the centre of the heel post is introduced a 
feather plate, 15 inches x 1 inch, with double angles, 6 inches 
X 4^ inches x ^inch, well bracketed to the 1-inch plate which takes 
the pivot socket. 

The wood meeting posts are of American white oak, in two 
pieces, about 14 inches x 10^ inches, and are in one length from top 
to bottom, secured to the plates of the meeting post by 1^-inch 
bolts 2 feet 6 inches apart, and to each other by 1^-inch bolts 5 feet 
apart. 

The sill timber is of American white oak, 14 inches x 6 inches, in 
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two pieces in the length, with butt joints. It is carefdly scarphed 
into the heel and meeting posts, and secured to them and to the shell 
by 1^-inch bolts. 

The heel post timber is of American white oak in two pieces, 
rounded to fit the hollow quoins, and secured in the same way as the 
timber of the meeting posts. 

Four cast iron scuppers, 4 inches in diameter, on the round side of 
each gate, are led from the shell to the water-tight deck at the top of 
the air casing, so that when the water outside reaches this level it will 
flow inside and prevent the gates lifting off the pivot. These scuppers 
have a taper at the shell end into which plugs may be driven if the 
gates should require to be floated. 

A platform of 3-inch English oak is laid on a level with the cope 
of the side walls, having gunwale timbers of English elm carried 
round on If -iron cross pieces, and checked for planking. Suitable 
framed scuttle hatches, with necessary lifting rings, are provided for 
admission to the trunks, hydraudic machinery, and manholes. Two 
-j^^inch chains, with stretching screws at one end, are carried by 
portable wrought iron stanchions, on each side of the platform* 
The stanchions rest in cast steel sockets, and are made to fold down 
to the platform level. 

The bottom pivot is of cast steel, 12 inches in diameter and 3^ 
inches thick, well ribbed, and sunk 3^ inches below the flush. The 
top of the pivot is machined and rounded to a radius of 2 feet. 
The socket is of cast steel, 3^ inches thick, secured to the bottom of 
the gate by turned and fitted bolts. It is machined out to take a 
forged steel bush, on which the gate revolves, the bush being held in 
place by three wedge-shaped keys. The lower surface of this bush 
is hollowed to a radius of 2 feet 4 inches. 

The roller path, 9 inches wide, is of cast steel, having a fiat upper 
surface, raised slightly above the level of the masonry. It is made 
in interchangeable lengths with V-Jo^^^^d butts, resting on plates 30 
inches long by 20 inches wide and 1^ inches thick, and secured to 
the granite bed by if -inch Lewis bolts. The radius of the 
roller-path is 39 feet 9 inches from the centre of the heel post. 
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The roller is solid cast steel, 2 feet in diameter at the centre and 
9 inches broad on the bearing surface, and is bevelled to suit the 
39 feet 9 inches radius of path. The axle is of wrought steel, 8 
inches in diameter, turned with a slight taper and pressed into the 
roller by hydraulic pressure. The roller carriage is also of cast steel, 
to suit the roller, and has a gun metal upper bush, the lower bush 
being of wrought iron, tapped on. The carriage is kept in place by 
a wrought iron spear 5 inches in diameter, carried up to about 5 feet 
from the bottom of the gate, and is tightened up at the top by 
wedges. The brackets at the top, which take the thrust of the 
spear, and the bottom-keep brackets, are of wrought steel plates and 
angles. Wrought steel scrapers are fitted to the back and front of 
the roller to clean the path in front of it. 

The main piece at the anchorage is of cast iron, secured to 
the masonry by strong wrought iron bolts and nuts, provision being 
made in casting to take the ends of the tie-rods and main piece of 
the hydraulic girder attachment. The top pivot is of forged wrought 
iron thoroughly secured to the deck platinp:, which is stiffened very 
strongly at that part. 

The machinery, Fig. 8, for working each half of the division gate, 
consists of a double acting hydraulic cylinder 14 inches in diameter, 
and m feet stroke, with a piston and steel piston rod acting on a 
crosshead and connecting-rod attached to the gate. The crosshead 
is of steel fitted with keeps and forged steel gimbal, so that the rod 
may be free to move either horizontally or vertically. The connecting- 
rod is provided with keeps and straps for attachment to the lever on 
the top of the gate. This lever is introduced in order to reduce to a 
minimum the thrust on the hollow quoin due to the action of the 
hydraulic cylinder, and is hinged at its inner end to a wrought iron 
plate 5 inches thick bolted to the anchor block, while at the outer 
end it is connected to the gate. 

The hydraulic cylinders are each placed in a shallow pit on either 
side of the dock immediately under the cope of the quay, and the 
whole is covered over with ribbed steel plates flush with the ground. 

Caisson, — At the outer entrance the dock is closed by means of a 
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rectangular steel caisson, Figs. 9 to 1 1, 90 feet long, 30 J feet higb^ 
and 15J feet wide, with a folding bridge capable of carrying 30 
tons, which with its handrails is raised and lowered automaticallj 
by a parallel bar arrangement, thus permitting it to pass under the 
roof of the caisson chamber. 

The caisson is divided by a water-tight deck into two compart- 
ments, the lower being an air chamber and the upper a water- 
ballast chamber, as in the division gates. 

The structure weighs 465 tons, which, with 240 tons of ballast 
inside, makes a total of 705 tons. It has a displacement of about 
83 tons per foot, and with water on both sides would float at a 
draught of about 20 1 feet, or with a draught of about 19^ feet on 
the sill. As the tides sometimes exceed 30 feet above the sill, in 
order to prevent the caisson floating, water-ballast is allowed to flow 
into the upper or water-ballast chamber, as the tide rises, through 
the sinking valves. With such a tide a depth of 10 feet to 11 feet 
of water would be required in the upper chamber to maintain the 
caisson in position. 

The sinking valves are on a level Anth the water-tight deck, from 
which cast iron bends are led to the sides of the caisson below the 
deck. Kose-boxes are secured to the lower ends of these pipes to 
prevent chips entering. The valves and seats are of gun metal, and 
the valves are worked from the folding bridge. The meeting faces 
are of American white oak, and it is worth remarking that so truly 
dressed were the granite meeting face and the meeting face of the 
cassion, that when the water was pumped out of the dock for the 
first time on 8th March, 1898, with the caisson across the entrance 
the joint was found to be perfectly water-tight. 

There are two entrance tubes, of 2 feet 6 inches diameter, to give 
access to the air chamber, placed in such a position as to clear the 
folding bridge when down. Each tube is fitted with a manhole and 
cover, and a ladder extends from top to bottom of the caisson. 

The caisson is built of steel plates, varying from f-inch to f-inch 
thick, the sides being stiffened with angle iron frames, 3 inches x 
8 inches x ^-inch, spaced 18 inches apart, and reverse bars on every 
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alternate frame, 3 inches x 8 inches x f -inch. The floors on the 
bottom are 30 inches deep by ^-inch thick. The water-tight deck is 
carried on angle iron beams, 5 inches x 3 inches x j^-inch, having 
brackets securing the ends to vertical iron frames. 

Below the water-tight deck the cross beams are 4 inches x 4 inches 
X ^-inch, while those above that deck are 3^ inches x 3^ inches 
X |-inch, and 3 inches x 8 inches x ^inch, secured to vertical frames 
with gusset plates f-inch thick. The dimensions of the vertical 
supports for the water-tight deck, secured to each cross beam, 
are 8^ inches x 3^ inches x |-inch below, and 8 inches x 8 
inches x ^iuch above. Stringer plates, five in number, on each 
side below the water-tight deck, are 18 -inches broad x |-inch 
thick, while above, three on each side are 15 inches x |-inch, and 
the uppermost 20 inches x |-inch — all connected to the beams and 
frames by gusset-plates, and to the sides by double angle irons. The 
caisson is braced diagonally by flat iron bars 4 inches x |-inch, firmly 
secured to the frames, cross beams, and gussets. 

The caisson is provided with two steel bar keels 8 inches by 4 
inches, which run upon 44 cast-steel rollers 18 inches in diameter, 
The spindles of the rollers are bushed with gun metal, carried in 
boxes of cast-iron, built into brickwork in the floor of the caisson 
chamber and berth. Eiwh line of steel bars has four curved swells 
on the outer edge to prevent the timber-facing pieces being abraded 
against the granite when the caisson is in motion. 

In the construction of the folding bridge there are two lines of 
beams, placed about 6 feet apart, formed of I-iron 12 inches x ft 
inches, with a 7-inch x |-inch plate at the top and bottom. The 
outer girders are 12 inches deep x ^-inch, with angles 3^ inches x 
3^ inches x ^-inch on the bottom, and "[""iron 6 inches x 3 inches 
X ^-inch on the top. These girders are supported on cross beams 
formed of two channel irons 6 inches x 3^ inches x ^-inch, with a 
|-inch plate at the top and bottom. To the under side of the cross- 
beams are secured the forty plumber blocks, in which work the ten 
4-inch cross shafts which carry the whole weight of the folding 
bridge. These shafts are reduced at the ends to 2f inches diameter 

18 
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to receive railing stanchions and parallel motion bars. There are 
ten similar cross shafts working in similar plumber blocks bolted to 
the top of the caisson, and short levers are keyed to these shafts, the 
upper ends of the levers being bushed to take the shafts under the 
folding bridge. Kentledge boxes are provided to partially balance 
the weight of the bridge when down. 

A large cast iron beam curved vertically on the face is fixed to 
the mouth of the caisson chamber, and, when the caisson is closed, 
the folding bridge is close to this beam. As the caisson is hauled 
in, the folding bridge bears on, and slides down the face of this 
beam until it rests on three pitch pine bearing blocks and six cast 
iron stools, faced with india-rubber, j-inch thick, fitted into a recess 
on the top end and bolted to the stringers. 

At the outer end of the folding bridge on each side is a 9|-inch 

diameter cast steel nosing roller, which works against a cast iron 

curved raising plate, which abuts against a recess in the cope of the 

side wall. As the folding bridge when down projects beyond the 

face of the caisson, the roller comes in contact with the raising 

plate, and as the caisson is hauled into its position the folding 

bridge rises to the level of the cope of the side walls at the entrance, 

forming a level road, while, at the same time, the hand rails are 

raised by means of lever stanchions connected with the parallel bars. 

. The caisson is worked out and in by a direct-acting reversible 

hydraulic hauling engine. Figs. 12 and 13, having four gun-metal 

rams each 5 inches in diameter and 12 inches stroke. The rams work 

on two cranks, and through gearing up to a main shaft, prolonged 

into the caisson chamber, on which are keyed two pitch chain 

pulleys. Over each of these pulleys is carried an endless chain 

extending the whole length of the caisson chamber, supported by 22 

cast iron rollers on each side. Passing round a pulley at the outer 

end the chain is secured to either extremity of the yoke by shackles 

and pins 2^ inches in diametar. Stretching screws are fitted for 

taking up any slack in the chain. 

The yoke is composed of steel channels 6 inches x 3^ inches x 
^-inch, and two }-inch plates at the top and bottom. Each plate 
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has a boss If inches thick at the ends, bored out to receive 2^-inch 
connecting pins ; and two thickening plates at the centre, bored out 
for a 5-inch swivel bolt, which is secured to the hauling bracket on 
the end of the gate. The time occupied in hauling the caisson the 
required distance of 98 J feet is five minutes. A suitable capstan 
head and gearing is provided for working the caisson out and in 
by hand should the hydraulic power not be available. 

Hydraulic Warpmg Capstans. — ^Five hydraulic capstans, each cap- 
able of pulling with a strain of 5 tons, are provided for warping 
vessels in and out of the dock. One is placed at the head of the 
dock, one on either side at the middle, and one on either side of the 
entrance. Each of the capstans is worked direct by a three-cylinder 
hydraulic engine having rams 5f inches in diameter, and 14 inches 
stroke. 

Filling Culverts. — The dock is filled with water through two 
culverts, each 7 feet 4 inches by 4 feet, constructed in the side 
walls of entrance and caisson chamber, and by a third culvert 
6 feet by 3^ feet leading from the main discharge culvert into the 
sump under the engine-house and thence into the dock. The 
pumping station is situated at the south-east corner of the dock 
near the entrance, the boiler-house adjoining at the west side of the 
engine-house. The sump referred to, the top of which is about 
level with the floor of the dock, is 61 feet long by 12 feet broad by 
11 feet high, and is constructed under the floor of the engine-house. 
The water from the dock is led by one large and two smaller 
culverts into the sump. The central culvert is 10 feet by 6 feet, 
and leads from the outer division, while the other two culverts are 
each 6 feet in diameter, one being constructed on the north and 
the other on the south side walls of the dock, the north culvert 
crossing under the floor of the dock to the south side. 

These two 6 feet culverts lead the water into the sump from the 
inner division. They are also used for filling it, and are provided 
with twenty-nine air pipes 6 inches in diameter, spaced at regidar 
intervals, and led up to the surface to allow air to escape when 
water is admitted. 
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All the culverts are provided with sluice valves so arranged that 
the water in the whole of No. 3 Dock, or from either division, can 
be led into the sump and pumped out through the main discharge 
culvert which is 1 IJ feet high by 8 feet broad. 

The area of the seven inlets to the culverts formed in the sides 
and floor of the dock is 730 square feet. Each inlet is provided 
with heavy wrought iron bar gratings covered i*dth wire netting to 
prevent rubbish and chips finding their way to the pumps. The 
total capacity of the culverts up to the floor of the dock is about 
250,000 gallons or 1,120 tons. 

Culvert from No. 3 to rVb. 2 Graving Dock,— A branch culvert 
3 feet in diameter has been constructed from the 6 feet culvert on 
the north side of No. 3 Dock communicating with No. 2 Dock, an 
arrangement which has effected a very great improvement in the 
working of the latter. Formerly — ^in pumping out No. 2 Dock, 
owing to the positioii of the 5 feet diameter culvert leading to the 
old pumping machinery at No. 1 Graving Dock — after the water 
got below the level of the 5 feet culvert, the drainage pump at 
No. 2 Dock had to be brought into operation to remove the 3 feet 
of water remaining in the dock. This drainage pump was worked 
by a Crossley gas engine, and it frequently took longer to discharge 
the remainder of the water in No. 2 Dock than the old pumping 
machinery did to reduce the water to the level of the keel blocks. 

Now, owing to the new connection either No. 1, or No. 3, or 
both sets of pumping machinery can be utilised for No. 2 Graving 
Dock, and not onl}'^ is it thus emptied much more quickly, 
but the long delays at the finish have been altogether avoided. 
This has much enhanced the value of No. 2 Dock, and is an 
improvement which is no doubt fully appreciated by surveyors and 
superintendents of steamers using it. 

Hydraulic Power. — The whole of the sluices, about 14 in number, 
together with the capstan engines, rams for division gates, and 
hauling engine for caisson, are worked by hydraulic power, and are 
supplied with water at a pressure of 700 lbs. per square inch from 
a line of piping 5 inches diminishing to 4 inches in diameter, led 
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from the high pressure water service which is carried round all the 
quays of Princes Dock. A connection is also made with the 
hydraulic pressure pumping engines at No. 1 Graving Dock, so 
that in the event of a stoppage on the one system the other can 
be used if required. 

2S-Ton Steam Travelling Crane, — ^A 25-ton steam travelling crane 
with fixed jib, Fig. 1, mounted on a strong steel carriage having a 
rail gauge of 24 feet 9 inches, with a clear headway of 14 feet 6 
inches from top of rails to under side of cross girder, is provided on 
the north side of dock. It is capable of travelling by its own power 
with the jib in any position, with a test load of 30 tons, on a set 
of double rails extending the whole length of the outer division 
and beyond the division gates, so as to make the crane available 
for either division. The rake is 74 feet, the range of lifting 
block from 35 feet below to 50 feet above the cope, and the centre 
of block will project 61 feet from the face of cope, or 3 feet 6 inches 
beyond the centre line of dock. The driver's house is so arranged 
that he can always see the bottom of the dock. 

Pumping Machinery. 

The pumping station, as already mentioned, is at the south-west 
comer, on the west side of the entrance, and consists of an engine 
house and boiler house. Figs. 17 and 18. 

The machinery is bedded on a massive foundation of bricks and 
cement, constructed over the sump already described. The engine 
house floor is 18 feet below the level of cope of the dock side walls, 
and 14 feet 9 inches above the floor of the dock. The extreme length 
is 61 feetj and the breadth 23 feet. The floor of the boiler house 
from which the boilers are fired is level with the cope of the dock 
side walls. 

Fumps and Connections. — The main pumping machinery consists of 
two pumps, Figs. 14, 15, 16, of the centrifugal type, each having 
two suction pipes 44 inches in diameter, and one discharge pipe 60 
inches in diameter. The pump discs are each 8 feet in diameter, the 
extreme depth of pump casings 12 feet 3 inches, and width of each 
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pump over all 16 feet 9 inches. The centre of the disc is 17^ feet, 
and the top of casing 23 feet above the floor of the dock at side. 

The four suction pipes are led through the foundation into the 
sump, and terminate with bell-mouthed ends, at a level of about 5 
feet below the floor of the dock. These pipes are carefully grouted 
around the outside, where they pass through the foundation, with 
cement well packed in, and made thoroughly water-tight; two check 
rings of cement into the foundation being provided to each suction 
pipe. 

The upper halves of the pump casings, with the outer covers over 
the shaft, are so constructed as to be easily removed for overhauling 
without disturbing the suction or discharge pipes. The lower parts 
of the pumps have strong brackets cast on them, and are connected 
by turned and fitted bolts to the bed plates of the engines. The 
pump- spindles are of mild ingot steel, 8 inches in diameter, lined 
with gun metal at the bearings. 

A sluice valve of 60 inches diameter is fitted to the discharge 
branch of each pump, to which the main discharge is bolted. These 
cast iron pipes are in short lengths, with flanges faced and bolted 
together, embedded in and led through the concrete wall of the 
dock into a large chamber formed at the east end of the engine 
house. This chamber is open to the surface of the ground at the 
dock entrance, and covered with cast iron chequered plates. On 
the end of each discharge pipe is fitted a balanced flap-valve con- 
structed of two layers of elm timber bound with iron, hinged on 
phosphor bronze pins, and arranged so as to be adjustable from the 
top of the chamber. 

In dry dock pumping machinery where centrifugal pumps are 
employed, and the discharge pipes are below the level of the wat^T 
outside, it is advisable to have such valves fitted. They should 
be so balanced as to remain closed when the pumps are not working, 
but to open and close quite easily. Besides facilitating the re-startr 
ing of the pumps when they have to be stopped, by keeping back 
the great bulk of the water outside until the pumps overcome the 
pressure on the back of the valves, they also serve the purpose of 
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preventing the water rushing back throagh the pumps into the 
dock should the engines be stopped before the sluice valves on the 
discharge branches of the pumps could be closed. If this ever 
occurred the effect would be to reverse the engines with great 
rapidity, and might result in serious damage. Moreover, if the 
discharge-valves on the pumps were closed quickly after the back 
rush had begun, and balanced valves were not provided on the ends 
of the pipes, the arrested momentum of such a large body of water, 
flowing with a velocity of perhaps from 40 to 50 feet per second, 
would cause it to rush up through the discharge chamber and, 
by compressing the air therein, would probably blow the cast iron 
covering plates over the roof of the engine house. 

This actually occurred once in the case of a large graving dock 
which did not have such valves provided at the time. Needless to 
say they were afterwards supplied. 

On each pump a steam ejector of the ordinary type is fitted, to 
exhaust the air in the pump casings and suction pipes when the 
pumps have to be stopped, after the level of the water has been 
reduced below the top of the pump discs. The discharge from 
these ejectors is led into the discharge chamber. A water-gauge is 
also provided on each pump to show when the casings are full. 

Engines. 

There are two pairs of engines of the inverted direct-acting high- 
pressure expansive t3''pe Figs. 17 and 18, one pair driving each pump, 
the crank shafts being coupled direct to the pump-spindles. The 
cylinders are each 28 inches in diameter, with a stroke of 24 inches, 
and are made to suit a working pressure of 110 lbs. per square inch, 
and a maximum speed of 118 revolutions per minute. They are all 
steam jacketed round the top, sides and bottom, and covered with 
asbestos non-conducting composition and planished steel sheets. 

To each cylinder expansion -valves are fitted, adjustable from 
the floor of the engine-room, and a graduated plate on each engine 
shows the rate of expansion. All the working parts of the engine 
are of mild ingot steel. 



280 THE MACHINERY OF THE CLYDE TRUSTEES' 

In such large centrifugal pumps it is a point of some importance 
tending to increase their efficiency that the discs should revolve 
vrith a steady uniform motion, and to this end balance weights are 
fitted to the cranks, and the fly-wheels are cast with a heavy side to 
counteract as far as possible the momentum of the working parts. 

Aimliary Pump, — Besides the two main pumps, an auxiliary pump, 
with disc 4 feet 4 inches in diameter, and suction and discharge 
pipes of 15 inches diameter, is provided, for the purpose of draining 
the culverts and pumping out leakage or drain water. This pump 
is placed considerably lower down than the main pumps in a recess 
in the engine-room. The suction-pipe is led below the lowest part 
of the sump, several feet below the level of the bottom of the culverts, 
and an automatic retaining valve is provided at the lower end and 
surrounded by a large perforated grating to prevent chips or rubbish 
entering. The discharge pipe is led into the main discharge 
chamber, and is fitted on the end with a balanced clack-valve of cast 
iron, adjustable from the ground level above. An ordinary stop 
valve is provided on the discharge branch. The pump is driven by 
an inverted direct-acting engine, having a single cylinder 14 inches in 
diameter by 12 inches stroke, the crank shaft being coupled direct 
to the pump-spindle. The maximum speed is about 230 revolu- 
tions per minute. This pump is also available for draining No. 2 
Graving Dock through the new culvert, thus dispensing with the 
use of the gas engine there. 

Boilers. 
It was estimated that when working at full power, under the test 
load, the boilers, Figs. 19 to 23, would require to be capable of 
evaporating at the rate of 50,000 lbs. of feed-water per hour, at a 
temperature of 150° Fab., and at a steam pressure in the boilers of 
110 lbs. per square inch. The required evaporation had to be 
accomplished by three boilers, while a fourth was provided as a 
spare boiler. The size of the boiler-house was limited to 49 feet 
by 33 feet, the total floor space available, and the problem was : What 
type and size of boilers could be got in? 

In designing the boilers, consideration had to be given to the fact 
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that when pamping the whole dock withoat a ship in it, within the 
time specified by the test condition, the demand for steam increases 
as the level of water in the dock is lowered, that is, as the head of 
water pumped against increases, reaches the maximum when the 
dock is almost empty, and then suddenly ceases. To meet these 
•conditions, and to have the means of regulating the supply of steam 
withoat having to provide boilers of large dimensions, it was decided 
to adopt some kind of assisted draught; and, as the chimney was in 
close proximity to dwelling houses on the opposite side of Govan 
Eoad, it was made a sine qua non that the boilers should, if possible, 
be absolutely smokeless. 

Tenders were invited from a number of firms to supply boilers to 
fulfil the required conditions, and after much careful consideration 
had been given to each of them, it was decided to select one recom- 
mending the adoption of induced draught, chiefly on account of the 
simple way in which the supply of steam could be regulated, and the 
almost entire absence of smoke secured by this system. This has 
been amply demonstrated since the dock was opened, and can be 
seen at any time the machinery is at work. 

In machinery of this kind the question of economy of fuel is com- 
paratively unimportant, as in ordinary docking operations the pumps 
may not have to work for more than three-quarters of an hour, so that 
there is little opportunity for saving fuel in that time, more coal 
being frequently required to cover the bars and get up steam than 
to pump out the dock. 

The boilers are of the marine return tubular description, three 
being arranged next the east wall, and one next the west wall of 
the boiler-house, the firing floor running between. They are each 
12 feet 6 inches in diameter by 10 feet in length, and have each two 
Morrison's flues, 46 inches in internal diameter. The heating surface 
in each boiler is 1711 square feet, the bar surface 40*6 square feet^ 
and the boilers have been constructed to stand a working , pressure 
of 130 lbs. per square inch. They are so arranged that any one of 
them can be renewed without disturbing the others. The general 
arrangement, Figs. 19 to 21, indicates the position of the boilers and 
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flues. After passing into the smoke-box the gases are led downwards 
through iron trunks into branch flues communicating with the central 
main flue, which is 8 feet high by 5 feet wide. The main fine is 
built below the firing floor, midwaj between the rows of boilers, and 
bending at the south end is led into the bottom of the chimney. 

The chimney is 100 feet high from the ground level, 5 feet square 
at the top, and 7 feet square at the bottom, inside. 

Fans. — Near the chimney and over the top of the main flue are 
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erected the fans and their casings. The fans are arranged on either 
side of a central box communicating with the main flue, the opening 
into which is 7 feet 8 inches by 3 feet 8 inches. The gases are 
drawn from the central box by the fans, and discharged into a 
settling tank and from thence by a passage 5 feet by 4 feet into the 
side of the chimney. Dampers are fitted, one at the bottom of the 
central box and another in the main flue, close to the chimney, so 
that the gases may be led either into the fans or direct up the 
chimney. 

There are two fans, the discs of which are 8 feet in diameter, 
enclosed in steel casings 26 inches wido, built up on cast iron 
foundations. Each fan is driven direct by a separate engine having 



NO. 3 GRAVING DOCK. 28^ 

a cylinder 7 inches in diameter by 5 inches stroke. The revolutions 
on trial ranged from 300 to 360 per minnte,, according to the varying 
demands made on the boilers in the course of emptying the dock. 

The annexed Table gives observations of the vacuum produced by 
fan suction,, with both fans woi'king. 

With natural draught produced by the chimney, the vacuum in 
the smoke-box of the near boiler was ^-inch, which is sufficient to 
give the quantity of steam required when only one division of the 
dock has to be emptied, the fans being brought into operation only 
when pumping both divisions, and when no vessel is in the dock. 

Cirmdating-Pump. — The gases are washed on their way to the 
chimney, and the fan discs kept cool by a constant jet of water 
discharged into the centre of each from a pipe connected with the 
discharge from a duplex Worthington circulating-pump, 7^ inches 
by 6 inches by 10 inches, placed on the floor of the engine-house, 
and arranged to draw water either from the main sump or from the 
drainage well in the engine-room. 

This pump is a useful adjunct for lemoving drainage from the 
floor of the engine-room, which otherwise might get inconveniently 
flooded when the water in the dock is higher than the floor. 

All leakage and drain water from the engines is led into the large 
weU on the north side of the engine-room, and can either be let into 
the dock when the level of water admits of this, or may be pumped 
out of the well and discharged through the bottom of the fan casings 
into the ordinary drains by the duplex pump. 

Sieam and Exhamt Pipw.— Steam is conveyed from the boilers to 
the main pumping engines in pipes of 14 inches diameter, Figs. 17 
and 18, and an entirely separate line of pipes to the auxiliary pumping 
engines is provided. A large separator is arranged on the main steam 
pipes in the engine-house at the lowest level, with steam-trap, drain- 
valve, and gauge-glasses, and a similar separator on the auxiliary 
steam pipes of proportionately smaller size. 

The main exhaust pipes are 1 6 inches in diameter, and connections 
are so arranged as to lead the exhaust direct to the top of the 
chimney, whither the pipes are carried, or to pass it through a large 
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Berryman feed-heater. By this arrangement a considerable saving in 
heat is effected, while the draught in the chimney is mach increased. 

The feed-heater is 20 feet high by 4 feet diameter, constructed of 
steel plates, and has a heating surface of 480 square feet, contained 
in solid drawn brass tubes of 2^ inches outside diameter. The area 
through the tubes is 167 square inches, while the area of the steam 
branch is 1 54 square inches. The feed-heater is said to be capable 
of heating about 3000 gallons of feed-water per hour from 50"^ to 
about 200° Fah., at the working pressure of 110 lbs. per square inch, 
when at full power, but this has not yet been tried. 

Twnk. — A tank capable of holding about 1500 gallons is erected 
in the engine-house, to act as a cistern from which the feed-water to 
the boilers is drawn. It is kept filled from the Glasgow Corporation 
water main in Govan Road by means of a ball stop-valve, 4 inches 
in diameter. 

Feed-Pumps, — For feeding the boilers, two Cameron pumps of the 
double-cylinder double-ram type are placed below the tank. The 
cylinders are 8^ inches in diameter by 6 inches stroke, the rams 
being 6 inches in diameter. The pumps draw from the tank, and dis- 
charge into the feed-heater, and thence to the boilers. A bye-pass 
valve is provided to enable the pumps to discharge into the boilers 
direct, should this ever be found necessary. 

Accessories. — Among the accessories, an automatic gauge is fitted 
up in the engine-house, showing the height of water in the dock at 
any stage of pumping, on a scale half-size. It is worked by a float 
in a cast iron pipe led to the bottom of the sump, and communi- 
cating with the indicator by means of a copper cord, led over 
reducing pulleys, to which a pointer is suspended. 

An overhead travelling crane capable of lifting 7 tons is fitted in 
the engine-house to facilitate repairs. 

Platforms, ladders, and hand-rails are provided, giving access to 
all parts of the engines and boilers, and the whole installation is 
very complete in this respect. 

Performancb of Machinery. 
As already indicated, the test required of the machinery was that 
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with a tide of 2Q feet 6 inches, commencing to pump at the top of 
high water, it should be capable of emptying the dock in two hoars, 
the quantity of water to be removed in that time being 2^ millions 
cubic feet. On the official trial, with a tide 26 feet 3 inches in the 
outside and 26 feet 1^ inches in the inside division, the dock was 
emptied in 99 minutes, the contractors thus having 21 minutes to 
spare, which was good work, considering that this was only the second 
occasion on which they had had an opportunity of trying the 
machinery under test conditions. Since then, this record has been 
beaten ; for, with a tide of 27 feet inside and outside, the time has 
been reduced to 90 minutes for pumping out both divisions without a 
ship in either. This meant the removal of about 64,033 tons of water, 
the amount in the outer division being about 34,520 tons. If, then, 
a vessel displacing, say, 10,000 tons were docked in the outer division 
only, the quantity of water to be pumped out would be 24,520 tons. 

It has been seen that the machinery is capable of removing 64,033 
tons in 90 minutes, or roughly, on an average, 714 tons per minute, 
so that with a 27-feet tide the outer division of the dock, which is 
the larger, could be emptied in somewhat less than 35 minutes. This 
would probably be found much quicker than necessary, especially if 
a vessel of such a size had to be washed down during the process of 
pumping, even if it could be adequately shored up in such a short time. 

As has been said, graving-dock machinery does not present much 
opportunity for economy in fuel, the time during which the pumps 
are actually at work being so short. Therefore, while not adopting 
the most economical type of engines, and thus avoiding cumbersome 
and somewhat complicated machinery, all other means of saving waste 
of heat have been adopted, such as expansion-valves, feed-heaters, 
and covering the boilers, cylinders, and pipes with the very best 
non-conducting composition. In machinery of this kind, simplicity, 
durability, and absolute certainty against breakdown, are the main 
considerations ; hence the adoption of simple high-pressure non- 
condensing engines. 

While the working of the pumping machinery was exceedingly 
satisfactory, it was desirable to ascertain the efficiency of the pumps 
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and engines, and from the results obtained on the ojQScial trial I 
have endeavoured to illustrate graphically by diagrams, Figs. 24 
and 25, the work being done by the machinery at any minute 
during 99 minutes taken to pump out the dock. 

This was the second time on which the machinery was tried in 
pumping the whole dock, and, owing to the firemen not having had 
time to get accustomed to the firing of the boilers under suction 
draught, the pressure of steam was not quite uniform. This affected, 
more or less, the power developed at the different intervals into 
which the whole time is divided, but the curves shown represent a 
fair mean of the results obtained, and may be relied on as sufificientlj 
accurate for all practical purposes. 

Explanation of diagram. — The vertical or water-gauge line to the 
left of the diagram is divided off into feet and inches corresponding 
to the gauge in the dock and tide gauge outside. 

The curve A shows the quantity of water in the dock at any given 
depth on the gauge, and has been drawn from calculations of the 
capacity of the dock at every two feet. 

At a height of 26 feet 1^ inches on the gauge, the quantity shown 
by measuring on the horizontal scale from the vertical or gauge-line 
to curve A is 2,165,620 cubic feet, and this represents the amount of 
water discharged in 99 minutes on the official trial. For the pur- 
poses of this diagram the total time has been taken as 100 minutes. 
On the trial, observations were taken at the end of every 10 minutes, 
and the height of water inside and outside recorded. The heights 
inside the dock were spotted along the curve A, and from points mid- 
way between these spots 10 vertical lines were drawn from the base, 
numbered 1 to 10, and on these lines were plotted to varying scales 
the results obtained on the trial, as well as those from calculation, 
giving data for drawing the other curves on the diagram, and 
representing the mean results for each of the 10 intervals. By 
further sub-division the results at any particular minute can be 
obtained. From the heights taken outside the dock the fall of 
tide at the end of each interval was obtained, and through the 
points thus fixed the curve D was drawn. 
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The quantity discharged during any 10 minutes interval is found 
from curve A, by subtracting the quantity at the end from the 
quantity at the beginning of that particular interval. 

The quantity discharged by both pumps in cubic feet per minute 
is thus calculated, and is represented by the curve B. 

The curve C represents the velocity of discharge in feet per 
second, and is calculated from B. 

The curve D shows the depth of water outside the dock and the 
fall of tide during the time taken to pump the dock, and any vertical 
distance between curves A and D shows the actual head of water 
being pumped against at the corresponding time. 

Curve E is drawn to show the additional head due to friction 
measured from the curve D. The vertical heights between A and E 
were used to measure the water horse power. The head due to 
friction has been calculated for each interval from the formula given by 
Professor Robinson in his excellent work on Hydraulic Power and 
Hydraulic Machinery ; viz. — 

D-3 / T-50\ ^^^^^ 

^ -0209 VS V 600 7 

Q = quantity of water discharged in cubic feet per second, 
D = diameter of pipe in feet = S, 

S = hydraulic gradient = ,-i 

I = length of pipe in feet = 100, 

k = head due to friction. 

The curve G shows the mean indicated horse power taken during 

each interval. 

The curve H shows the water horse power developed, or work 

done by the pumps, and is obtained from the formula — 

HxQx60x62'5 
w.n.r.- 33,000 

H being the total head in feet shown by the vertical distances 
between A and E at the various intervals, and Q being the quantity 
discharged in cubic feet per second at the corresponding time. 
The curve J shows the efficiency of pumps and engines combined, 
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and is obtained by dividing the water horse-power by the indicated 
horse-power of the engines. From this it is seen that the greatest 
combined efficiency is '538^ and at this point the I.H.P. was 1220; 
w.H P., 657 ; mean revolutions per minute, 97 ; head of water 
pumped against, plus that due to loss by friction, 19 feet 1 inch. 
The approximate mean pressure on cylinders was 42*2 lbs. per square 
inch. The quantity of water then being discharged, 18,185 cubic 
feet per minute, and the mean velocity, 7 '72 feet per second. 

It is interesting to observe how rapidly the efficiency diminishes 
under light loads, and it would seem from the water horse-power 
curve, H, that the pump is most effective under a head of about 20 
feet, with an efficiency of -538, while with a 5 feet head the efficiency 
is only '3. With the greater head of water probably the air is 
better got rid of, and there is less tendency for eddies to form. 

Taking the combined efficiency of pumps and engines at -538, and 
assuming the pumps would work out at about '65, the efficiency of 
the engines would be "83, which may be considered fairly good for 
a start, and before sufficient time had elapsed for the usual initiid 
difficulties to be got rid of. 

The curves, K and L, on the diagram show the approximate mean 
pressure on the pistons and revolutions per minute. 

Since the official trial the bearings and valves have been adjusted, 
and the engines work better and apparently with less friction, so 
that the probability is that the efficiency will now be more like ^)i> 
per cent, which is what should be looked for in this kind of enirine. 

On the 28th February, 1899, another opportunity occurred of 
making a trial of the engines — on this occasion, under natural 
draught with four boilers — after the valves had been adjusted. 
The results of the performance of the machinery are given in a 
second similar diagram and corresponding table, from which it will 
be seen that with a 27-feet tide the dock was emptied in 90 minutes, 
that is, the whole dock without a vessel being in. 

On reference to the diagram giving particulars of this trial the 
combined efficiency runs as high as -583. If the pumps are "65 as 
before, the efficiency of the engines would be almost exactly 9. The 
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amount of coal burned while the engines were working amounted to 
79-5 cwt., which is equal to 5936 lbs. per hour. The mean horse 
power being 1221, the consumption works out to 4-86 lbs. per i.h.p. 
per hour, and assuming an evaporation of 8 lbs. per ft), of coal, the 
total amount of steam used would be 47,480 lbs. per hour, slightly 
more than the estimated quantity given in the tables. 

Tables. — For convenient reference tables have been prepared of the 
various particulars from which the diagrams have been constructed, 
and which correspond with them. Two columns have been added, 
giving respectively the estimated quantity of steam used per LH.P. 
per hour, and the estimated total quantity used per hour for the 
engines, which appears to be on the liberal side if anything (See next 

page). 

In conclusion it is a matter of gratification to the Clyde Trustees, 
and all concerned with its working, that the performance of this 
machinery has so much exceeded the test requirements, and reflects 
credit on all the contractors. 
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DiscTission, 

The discussion on this paper took place on 25th April, 1899. 

Mr A. S. BiGGART (Member) observed that American white oak 
had been used instead of the usual greenheart for the heel and 
meeting posts of the gates. Would Mr Baxter kindly tell the 
Institution why that had been done ? 

Mr C. G. Lindsay (Member) remarked that he was pleased to 
welcome something in the form of a civil engineering paper, for 
civil engineering papers had almost reached the vanishing point in 
the Institution. He admired the paper for its completeness, and 
thought Mr Baxter had been very modest in not stating the 
important part he took in the general arrangement of the 
machinery which appeared to be thoroughly well adapted to its 
work, and he must have given a great deal of thought to it. He 
would like to have seen some idea of the cost of the machinery. 
They could hardly expect to have the cost of the dock mentioned, 
as that perhaps fell without the scope of Mr Baxter's paper. The 
description of the gates interested him very much, but he thought 
it would have been an improvement to have had perforated plates 
instead of braced diaphragms in the air chambers to secure greater 
stiffness, for the slightest " give " in the gates caused leakage and 
trouble. Mr Biggart touched upon a point which interested him. 
He had been in the habit of using greenheart for heel posts and 
mitre posts ; perhaps there was some particular reason for white 
oak. He very much admired the diagrams that Mr Baxter had 
given, and it would reward any man, whether he was a young 
engineer or an experienced one, to study the particulars of these 
diagrams. It was quite a lesson in pumping machinery. One 
could not possibly investigate the curves of performance without 
learning a very great deal from them. 

Mr T. A Hayward (Member) said he would like to make some 
remarks respecting the caisson which Mr Baxter had brought before 
their notice Although the Clyde Trustees' No. 3 graving dock was 
largbr than any other in the world, the caisson evidently was not 
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larger. In Her Majesty's dockyard at Chatham there were four 
caissons, each being 40 feet in depth ; two being 90 feet and two 100 
feet in length. The caisson mentioned in the paper was 90 feet in 
length and 30J feet in depth. In comparing the latter with those 
existing at Chatham, it appeared to him that an advance had not 
been made on what was his experience 18 years ago. He noticed 
that it was divided into two chambers, the bottom one being an air 
chamber, and the top being open for admission of the tidal water 
through valves at the sides. In the Chatham caissons there 
was simply one chamber — the air chamber below — and no matter 
what the height of the tide was, it did not materially affect the 
buoyancy of the caisson ; for the air chamber was always sub- 
merged, and when the tide rose the only difference that had to be 
made was made up in two small tanks, one at either end, with only a 
few tons of water taken from a service main. A caisson constructed 
in this way had less water to displace in passing in and out of its 
chamber, and in consequence of its being open from end to end 
above the air chamber, he thought there would be a steadier motion 
at high water than when the volume of water, due to the whole 
capacity of the caisson below the water-line, had to be displaced 
through the apertures at the sides and bottom. The Chatham 
caissons were not upon rollers, bnt simply upon granite slide-way s^ 
and he thought there was an advantage in that, because the keel 
plates were guided by the granite slide-ways right from end to 
end, instead of the projecting pieces, which, Mr Baxter stated, had 
been put on to preserve the wood from being abraded. If abrasion 
of the wood did not take place, he thought the stone work would be 
ground away, and that would be equally defective in making a 
water-tight joint. He did not notice in the paper any mention of 
guides other than the flanged rollers and those he spoke of ; but, at 
at Chatham there were guides at the top and bottom of each caisson, 
which kept it central in the chamber and slide-ways till it came 
within a few feet of the wall; there was also a projecting beam which 
passed into rollers and prevented the caisson striking against the 
projecting wall at the further side of the dock, and by this means it 
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was impossible for it to be pressed against the wood work, and there- 
fore abrade it. In this case, however, he thought there was a 
possibility of that happening, due to oscillations, which might occur 
to the caisson in its progress outwards. He had seen that occur, 
and it was found to be due to the unevenness of the bottom, caused 
by the foundation having given way. The top of the caisson might 
also be affected by the swell on the water, and, naturally, being 
pushed from the back, it would have freedom to oscillate very 
materially in the front. If it did so, as possibly it would at some 
time or other, in consequence of the action of the propeller — ^while a 
steamer was going out of the dock for instance — when the caisson 
had to be immediately closed, he had no doubt that that effect 
would be produced, and it would likely abrade the wood work, which 
could not possibly take place at Chatham. At Chatham each 
caisson was made up from the bottom to the top entirely of its own 
material, without any rising or falling bridge, and that avoided the 
necessity of adopting these cumbrous levers. Instead of such there 
was a platform under which it passed, and which was hinged at one 
end and raised by hydraulic power at the other, and the only move- 
able parts on the caissons were the hand rails. It seemed to him that 
the caissons at Chatham would remain as they were, when the Glas- 
gow caissons would be requiring considerable repair. There were 
other points in the paper respecting the efficiency of the pumping 
engines that had struck him as being rather peculiar. On page 291, 
the mean pressure in the cylinders during each interval was given. 
In No. 1 interval it was '^T'Td lbs. per square inch, and in the last 
interval it was given as 43*72, while in the case of No. 4 it was 
64*7, and the mean revolutions of the engines per minute at each 
respective interval was 80*5, 102, and in the latter case only 90*7. 
He could not understand these figures ; the average quantity of 
water discharged per minute was less, of course, against the greater 
head, but he could not understand why it should show a mean 
reduction in the pressure, which was 9*35 per cent, in regard to No. 
9 interval as against No. 4 ; there was 11*24 per cent, increased 
speed, while there was 9-35 per cent of a decrease of mean pressure. 
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This discrepancy did not appear in the Table shown on page 290, and 
he was inclined to think that was the more correct. 

Mr D. H. Morton (Visitor) said that by the courtesy of the 
Secretary he had received a copy of Mr Baxter's paper, which he had 
read with great interest. Mr Baxter had stated that the construc- 
tion of a hurge graving dock was not of frequent occurrence, that 
was true, and Mr Baxter's admirable description of the present 
important installation was therefore all the more valuable. Several 
important installations of a similar chai'acter had been built during 
the past fifteen years, both at home and abroad ; not one of these 
had been adequately described, partly because no one had taken the 
trouble to do what Mr Baxter had done, and partly because of the 
old-fashioned and rather absurd trade jealousy, which prevented 
some machinery contractors from giving adequate drawings and 
descriptions of their part of the work. He (Mr Morton) had, with 
others, the privilege of going over the dock, shortly before it was com- 
pleted, under the guidance of Mr Hamilton, and he was much 
gratified by the evidence of thoughtful design, liberal treatment, and 
first-rate workmanship, which were characteristic of the works 
throughout. He thought the thanks of the Institution were due to 
Mr Baxter for putting on record, in such a painstaking manner, an 
account of the dock machinery and its working. The last speaker 
had dealt with the caissons, and had indicated a preference for the 
older fashioned caissons in use at Chatham. He (Mr Morton) had 
no doubt, however, that the rolling caisson and folding bridge would 
work quite as satisfactorily, as others of similar design had 
worked on the Clyde and elsewhere for many years. There was 
only one little matter which he had noticed in looking at the caisson, 
before the coffer-dam had been removed, that was that the rollers 
were sunk very deeply in their cast-iron cradles. This, doubtless, 
made for stability and economised depth, but it struck him that the 
rollers might from their position be rather liable to be silted up. 
He did not suppose that they would be silted up so that they could 
not be moved, only that, being so low set, the wear and tear might 
be greater than if the bearings were in free water, like the rollers 
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supporting the inner gates, for example. Turning to the pumping 
machinery, he was glad to observe that Mr Baxter had adopted a 
reasonably large diameter for the discs or impellers of the large 
pumps ; namely, 8 feet. For brevity's sake, they might call the 
diameter of the eyes or side inlets of the pump d, and the diameter 
of the impeller D. It would be found that when D was much less 
than twice d, the efficiency of the pump would be low ; again, on 
the other hand, when D was very greatly in excess of twice <f, the 
efficiency would also be low. Some thirty years ago, a well-known 
firm of hydraulic engineers undertook a contract for machinery to 
raise 2000 tons of water per minute through a height of 7 feet 3 
inches. For that purpose they provided eight centrifugal pumps 
with delivery pipes 54 inches in diameter, only 6 inches less than 
the pumps at No. 3 Dock. The ratio oiDto d was, however, made 
quite too small, and the pumps failed to accomplish their work until 
from 6 inches to 9 inches had been bolted to the extremities of the 
vanes. The impeller was thus increased by about 12 or 18 inches 
in diameter — he spoke from memory — and later experience showed 
that it should have been still larger to secure the best results. He 
did not think that the mistake of under-estimating the diameter 
required for the impellers was very discreditable to the contractors, 
as at that time very little data were available for the construction of 
large pumps. He thought on the contrary that they were to be 
commended for their courage in undertaking a contract to deal with 
such a large volume of water under the circumstances. In the 
present case, the diameter D, 8 feet, in relation to dy 3 feet 8 inches, 
might be considered satisfactory, and in large pumps there was no 
temptation to make D larger than necessary to secure efficiency, as 
the size of the pump-casing would have to be increased and therefore 
also the cost. With small pumps the case was different In the 
drainage pump, for example, the delivery pipe was 15 inches in 
diameter, while the impeller was 4 feet 4 inches in diameter, d in this 
case was probably 11 inches or thereabout, so that D was nearly five 
times d. With such an excessive ratio, high efficiency would not be 
expected, and probably the only reason for those proportions was 
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that the revolutions of the driving engine might be kept down to 
230 per minute. At the present day, however, there was no 
necessity for keeping down the revolutions. Had the diameter of 
the impeller been reduced to 3 feet or 2 feet 6 inches, and coupled 
to a good compound high-speed engine, say of the Belliss type, they 
would have had a more efficient machine, as there was absolutely no 
difficulty in running all day and all the year round at from 300 to 
450 revolutions per minute. Speaking from a rather extended 
experience with quick-revolution engines, he had to say that the 
perfect running, freedom from trouble, and low cost of maintaining 
the modern enclosed engine was something of a revelation, and now 
he would have no hesitation in choosing an engine of that type for 
small and medium powers, and for ordinary driving purposes, instead 
of the ordinary vertical or horizontal engine making 70, 80, or 100 
revolutions per minute ; because, he was sure that the results would 
be satisfactory, both with respect to running and cost of mainten- 
ance. Working parts balanced and entirely enclosed, piston- valves, 
and forced lubrication to all bearings, were essential features of 
those engines. The piston valves should, of course, be examined 
after a year or two of running to check possible waste from leakage 
of steam. Reverting to the main -pumps and looking at the section, 
in the side entrances or eyes, which he had called d, carrier bearings 
to assist in supporting the impeller and its spindle were to be found: 
he did not know if it was necessary to have these bearings, but it 
was certain that if they could be dispensed with they were better 
away, as they obstructed and disturbed the water at a critical point. 
He had not found it necessary to use such bearings ; a little skill 
displayed in extending the stuffing-box bearings in towards the 
pump, and in properly extending and shaping the impeller boss 
outward to spread the load and help to stiffen the spindle, did all 
that was needed. It should be remembered that after all the load 
to be carried was not great, the impeller was revolving in water, 
and with a properly-formed pump-casing there was little or no 
thrust in the plane at right angles to the axis of the pump. 
He had seen a pump, after fifteen years' work, with its stuffing- 
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boxes in such a condition that one would have imagined that they 
had recently been renewed. That was in Holland, where machinery 
was carefully tended, and the general report of the Dutch engineers 
was that these beai'ings did not wear much in reasonably clean 
water. The [form of the impeller and its vanes had considerable 
influence on the ef&ciency of the pump, but these were not shown 
in the section. The angle of entry at the heel of the vane, the 
mean angle, and the angle of delivery at the tip should all be 
adjusted in each case in relation to lift, speed, and form of casing. 
The form of the casing had also its influence. In the most efficient 
centrifugal pumps the casing was always found to be large in 
relation to the diameter of the impeller D. Fifty years ago the 
late Prof. James Thomson showed how to design the chamber 
for a centrifugal pump and for a turbine, and he frequently found 
in perusing old books that we had long ago been taught to do 
properly many things which to-day we still did improperly. 
Prof. Thomson provided an annular space outside the peri- 
phery of the impeller, this he called the "whirlpool chamber," 
and outside of this space he arranged the expanding casting. The 
object of such arrangements was to recover as much of the energy 
remaining in the water on its delivery from the tips of the vanes of 
the impeller as was possible. To carry out this arrangement in its 
entirety involved a very large casing compared with D, but a com- 
promise would produce satisfactory results. In the section of the 
pump for No. 3 Dock, it would be observed that the centre-line of 
the outlet-branch of the pump was practically tangential to the 
periphery of the impeller, and that the "stop,'' as it was called, 
which coincided with the inner side of the discharge-branch, was 
tangential to the eye or side-opening in the pump d. Such a casing 
fell far short of Professor Thomson's ideal; and in the quarter section 
of the periphery of the impeller, near the discharge-branch, there 
would be a disturbance of the uniform delivery, which was detri- 
mental. To secure the best results, the inner or stop side of the 
discharge-branch should be beyond the periphery of the impeller. 
That arrangement gave a much larger casing, but it also gave 
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facilities for further improving the flow of water towards the 
discharge-branch. From the section, it would be observed that a 
portion of the water delivered from the periphery of the impeller, 
instead of falling quietly into stream with the water flowing towards 
the delivery, must disturb some of that water, forcing it back over 
the sides or shrouding the impeller. The pump casing was really 
made as in the section for commercial reasons, because it enabled a 
pump of given capacity to have a smaller and cheaper casing. A 
more perfect casing would have been 5 or G feet larger in diameter 
over all, and the cost would, of course, have been somewhat greater. 
Mr Baxter had pointed out that, in graving dock work, reliability 
of machinery was really of more importance than the highest 
efficiency ; and that was quite true, when the machinery had only 
to run for a period of two hours once or twice a week. He merely 
called attention to these matters in order that the centrifugal pump 
might not have a worse reputation than it deserved, and because 
when such a pump was applied to land drainage, irrigation, or other 
work involving long spells of running, efficiency became a matter of 
first impoi*tance. By applying all available skill and experience, 
very satisfactory efficiencies could be obtained. Mr Baxter seemed 
to attach great importance to the discharge-chamber and to the 
back-flap or reflux valves on the extremity of the discharge-pipes, 
Fig. 11. Many important installations had no such additions, and 
their introduction prevented the use of certain other arrangements 
which might improve the efficiency of pumping in other respects. 
The advantage of back-flap valves in facilitating starting and 
restarting the pumps, when sluice valves were provided in addition, 
was not very obvious. It was the head rather than the volume of water 
which had to be overcome, and with skilful manipulation of the 
engine and of the sluice valves there were no difficulties. In making 
provisions for security of life and property, engineers were guilty of 
many anomalies. In many situations which might really be termed 
dangerous, engineers left everything to the skill of the attendant or 
to the prudence of the public. In other cases they would spend 
hundreds of pounds in providing against contingencies which would 
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not occur if ordinary care and prudence were displayed. In pour- 
ing from the jug of contingencies, he thought that perhaps Mr 
Baxter had filled the cup quite to the brim. He had told them 
that the water might rush back and up through the discharge- 
chamber with a velocity of 40 to 50 feet per second, and probably 
blow up the floor-plates. The theoretical velocity due to direct fall 
could hardly reach 40 feet, and would be subject to sundry deduc- 
tions. But it was difficult to see how the head to produce this 
velocity could be established in ordinary work. During pumping 
the head in the discharge-chamber would always be equal to that in 
the river, plus the head necessary to drive the water through the 
discharge culvert. The sluice valve would, as a matter of course, 
be gradually closed before the engine was allowed to stop, so that 
back-rush would not be allowed. As was well known, large valves 
should never be closed suddenly, and arrangements ought to be made 
so that they could not be so closed. If there were cases where the 
water could rush back at the rate of 40 to 50 feet per second into a 
chamber covered with close floor-plates, it was quite desirable that these 
plates should be blown over the roof ; they should never have been 
put down — the covering ought to have been an open grating. But 
if there were no chamber, there would be no floor-plates to be blown 
up ; the worst that could happen would be a back-flow through the 
pumps, and, in such a case, Mr Baxter had said that the engines 
might be reversed with great rapidity, causing damage. He (Mr 
Morton) had seen a pump driving the engine backwards in such a 
case, but never at any great speed. It must be remembered that the 
pump was designed to throw the water out, not to take it in, and if 
it were as well designed for going ahead, as it ought to be, it would 
only make a poor performance in going astern. He had had the 
impeller of a pump reversed in its casing for the sake of instruction, 
and the result was that, although the engine was driven for all it 
was worth, the pump could not be made to discharge more than 
half-bore ; that pointed to the fact that, even although the water 
did run back through the pump, the result would not be serious. 
The vanes of the impeller were not formed in the best manner to 
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enable it to act as a turbine in driving the engine. By the intro- 
duction of the discharge-chamber between the pumps and the 
delivery culvert, they lost the opportunity of utilising the energy 
which remained in the water at the moment of issuing from the 
60-inch pipes. That energy was of considerable value. If the 
water issued from the 60-inch pipe, at from 12 to 15 feet per second, 
and if proper care wore taken to continue the flow at a gradually 
reduced rate, then the effect on the efficiency of pumping would be 
marked, and the figures in the tables would be improved. By intro- 
ducing the discharge-chamber the water issuing from the pump had 
its high velocity suddenly reduced, eddies and disturbances were 
set up, and more head had to be generated by the pumps to again 
accelerate the water and drive it through the discharge-culvert. 
With regaixl to the feed-water heater, he observed that the areas of 
its branches and through the tubes were distinctly less than that of 
the main exhaust-pipe, he preferred to make the passages through 
the heater fully as large as the main exhaust ; and when that was 
done, the whole of the exhaust steam could always pass through 
the heater, the back-pressure would be practically nothing, and 
would not be traceable on the indicator-cards, provided always that 
the heater was properly designed. Turning to the performance of 
the machinery, the discharge from each pump was 367 tons per 
minute. That was a good discharge for a 60-inch pump, but not 
more than many pumps with 54-inch pipes were delivering under 
like conditions. It was customory to designate the size of a pump 
by the size of its orifice ; but that was by no means a criterion, 
unless the pumps were designed on similar lines. There were 
pumps with large orifices which were of less capacity, and were 
really smaller than others with small orifices. The efficiencies of 
pumping engines, that is of the combined machine, engine and 
pump, were found to range from about '3, when the lift was 5 feet, 
to *583, with a lift of 20 feet, and the maximum efficiency was -5S3, 
when the lift reached about 24 feet. These results were pro- 
bably about as good as were obtained in nine graving docks 
out of ten, and the engineers had no reason to be ashamed 
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of them. Still better might be realised by attention to little 
matters of detail here and there, for it was the aggregate of little 
differences which resulted in high or low efficiency. The centri- 
fugal pump made a most interesting study, and in dealing with its 
design, engineers had to proceed much on the same lines as those 
which guided them in designing turbines and screw-propellers, and 
in seeking to obtain good results from ships. In graving dock work, 
the low efficiency when the lift was small, was partly due to driving 
what might be termed an excessive quantity of water through the 
dock, while the lift was only a few feet. Commercially, it paid to 
do this in graving dock work ; but, it was possible in drainage work, 
by putting into the design everything that one knew or could learn, 
and, by adopting a more moderate rate of discharge, to obtain with 
a 5-feet lift the efficiencies which had been obtained here from a 
20-feet lift. Under favourable conditions the efficiency might be 
•55 to '57 with a 5-feet lift. These results had been obtained 
during several tests, made by French and Dutch engineers, on 
installations which he had had pleasure in designing. To raise 
many tons of water per minute through a height of only 5 feet, 
imparting to the load a velocity of say 600 feet per minute, and to 
deposit it again in still water, with a loss of only 45 per cent, of Uie 
power shown by the indicator, might be considered a good result 
As the lift increased the efficiency steadily improved, so that when 
the lift reached from 15 to 20 feet the efficiency might be *65, 
which might be considered the best yet obtained. Separating the 
efficiences, the efficiency of the pump under the most favourable 
conditions was probably from -70 to 75, which, taking the engine 
at '90, corresponded with the figure given for the combined machine. 
But such results could hardly be expected in graving dock work, 
nor would they be expected with very small pumps. With regard 
to the table of steam consumption, he thought the results for 38 to 
36 lbs. of steam per I.H.P. were slightly disappointing, because with 
first-class, high-pressure, non-condensing engines, with steam-jackets 
and cut-off gear, a steam consumption of from 28 to 26 lbs. of steam 
per I.H.P. per hour ought to be obtained. Such results would 
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be guaranteed by experienced builders of this class of engine, and, 
if necessary, they could be shoMm. Mr Baxter had only given his 
figures as estimated, and they would, of course, be subject to small 
deductions owing to steam-pipe losses, donkey pumps, &c. Still 
the difference was too great, and that seemed to be borne out by 
the actual coal consumption of 4*86 lbs. per I.H.P. per hour. With 
similar engines having cylinders of 22^ inches diameter and 24 
inches stroke, the Mersey Dock authorities had obtained on trial a 
consumption of 3 lbs. per I.H.P. per hour. The Lancashire coal 
would probably be better than the Scotch coal, but certainly not in 
proportion to these figures. Mr Baxter had called attention to the 
desirability of securing uniform velocity throughout the revolution 
of the impeller. He (Mr Morton) had not found much difficulty in 
regard to that. With a properly designed pump-casing, the uniform 
flow of water helped to correct the irregularities of the engine, and 
very satisfactory running had been obtained with single-crank 
tandem compound engines coupled to large pumps. It was, of 
course, right to balance the moving parts belonging to each 
cylinder; in addition to this, the tendency during the past ten 
years had been to place the cranks at opposite rather than at right 
angles, as had been done here. Seeing that Mr Baxter had adopted 
two cranks, that the steam pressure was 110 lbs. per square inch, 
and that the load on the engine could always be well maintained, he 
thought that one of the twin cylinders might with advantage have 
been exchanged for a larger one, making the engine compound non- 
condensing. That could hardly be called a complication, the extra 
cost need have been nothing, and the steam consumption under the 
conditions would probably have been distinctly lower than given in 
the tables. It would be noticed from the two tables, that considerably 
better results had been obtained in the second trial, and Mr Baxter 
rightly enough attributed that to the better condition of the engines 
during that trial. There might have been other contributory causes* 
It would be observed that on the second trial the quantity of water 
passed through the pumps was at all times greater than on the first 
trial. The discharging efficiency of large pipes was better than for 
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small, and that, with a constant resistance and length of pipe, the 
discharging capacity increased as the 2*5 power of the diameter, 90 
that with very large pumps they could adopt considerably higher 
velocities than would be right for those with smaller passages. He 
thought the lowest speeds used — about 7 feet per second — might be 
too low for such large pumps, and that possibly still better results 
might be obtained if it were worth while to drive them faster than 
on the second trial. He observed that Mr Baxter in estimating 
efficiencies took credit for the head caused by the friction of the 
discharge-pipes. While it was usual and correct to estimate the 
pipe friction for water-works engines, where the pipes were long 
and the friction might be greater than the actual vertical head, it 
had not in his experience been the custom to make such allowances 
in centrifugal or turbine installations. He thought that in such 
cases the whole installation should be dealt with as one machine, 
that the head should be measured simply by registering the 
differences between inside and outside waters throughout the trials, 
unless indeed some part of the approaches or discharge culverts had 
been made undeniably too small from causes beyond the control of 
the mechanical engineer. The skill of the engineer should be 
displayed not only in the pumps, but in the approaches and dis- 
charges, so that all minor causes of waste might be reduced or 
eliminated. 

Mr Baxter, in reply, thought it would be almost impossible, 
without some consideration, to give satisfactory answers to the very 
interesting criticisms they had just heard. There were, therefore^ 
only one or two points he would like to reply to that evening, and 
he would probably deal with the remainder by correspondence. 
American white oak was adopted because of the great difficult? 
experienced in obtaining greenheart sufficiently sound and free from 
shakes to be used in such lengths as were required for the caisson 
.and division gates. They had had already experience of American 
white oak in the case of No. 2 graving dock, and they found it so 
very satisfactory that it was adopted in this case, although greenheart 
was originally specified. 
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Mr BiGGART — May I ask how long it has been in use in No. 2 
graving dock ? 

Mr Baxter — It has been in use since October, 1886. With 
regard to the question of contractors, he thought it was becoming 
unusual to mention the names of the contractors for the work, and 
on that account they were left out in this instance. Otherwise he 
would have been very pleased to have mentioned them. In reply 
to Mr Lindsay, he could not give the exact cost of the whole instal- 
lation, but the contract price for the engines and pumps was about 
£6,000, and the boilers about £6,600; about £12,600 for the engines, 
boilers, and pumps. The diaphragms in the air chambers of the 
caisson were almost exactly similar to those in the caisson at No. 2 
dock, and it had given such great satisfaction that they did not 
see where it could be altered to make any improvement on it. The 
necessary stiffness was secured by the 30-inch deep transverse floors, 
by the intermediate deck forming the top of the air chamber, the ver- 
tical frames and reverse bars, the wide stringers and numerous beams, 
and the diagonal bracing. It was practically a duplicate of that at 
No. 2 graving dock, except that it was a little larger, and there had 
been absolutely no trouble from leakage at the caissons of either of 
these docks. 

The President said that this was a very important paper, and 
he had much pleasure in proposing a hearty vote of thanks to Mr 
Baxter for his valuable contribution to the Transactions of the 
Institution. 

The vote of thanks was heartily accorded. 

In further reply to the discussion Mr Baxter wrote as follows : — 
The caisson was made up of two portions, the lower being used as an 
air chamber and the upper as a water -ballast compartment, the 
water being always admitted as the tide rose, and . in that respect 
the caisson might be said to be similar to that at Chatham. But the 
object of the upper portion was to enable the caisson to be floated 
out of its berth when necessary, the ends of the caisson being bevelled 
to admit of this, by closing all the valves and thus allowing the 
water to rise all round until the displacement of the caisson was 

20 
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equivalent to its weight when afloat; it might be removed for 
repair of itself or any of the subsidiary fittings. This, however, might 
not happen once in forty or fifty years. No. 2 graving dock caisson, 
which had been there fourteen years, had not yet required to be re- 
moved. Again, if it ever happened that after the tide began to ebb a 
vessel on being docked took the blocks too soon, the water would 
then have to be kept in dock until the following high water. That 
would be done by shutting the water-ballast valves and allowing the 
caisson to bear on the oiUei' face. It was very rarely, however, that this 
ever happened, and with the larger depth on sill at Chatham probably 
was a contingency that would be thought unnecessary to provide for 
there. The water at No. 3 graving dock was very muddy, much 
more so than at Chatham, and there was a heavy deposit of mud on 
the top of the air chamber. By filling the upper chamber at high 
water, then shutting the valves and opening those next the river 
side of the caisson at low water, much of this deposit was removed by 
the sluicing action that took place. By shutting them at low 
water any deposit might be removed in buckets, through apertures 
in the folding bridge. It was true that in the Chatham caisson there 
would be less water to displace in hauling it out and in than in the 
No. 3 graving dock caisson, but the rate of progress was slow, 
usually about 15 feet per minute, although 20 feet was the specified 
time. At the former speed and at high water, the water 
flowing past the sides and bottom of the caisson while being hauled 
into the chamber would acquire a velocity of only 1'3 feet per 
second, which was scarcely worth taking into account and would, on 
the other hand, tend to steady the caisson while being hauled 
out and in. The system of guiding the caisson adopted at Chatham 
would, he feared, be inadmissable on the Clyde where there was such a 
considerable deposit of silt, and the method of guiding on rollers 
had given every satisfaction. The Chatham caisson ^being so much 
deeper would probably require guides at the top and bottom, while 
these were not necessary in No. 3 dock caisson, which, owing to the 
great proportion of breadth to draught and being so well ballasted, 
had no tendency whatever to oscillate. No trouble had been 
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experienced on account of the abrading of the bearing surfaces, 
indeed a very slight rubbing on the surfaces might be a benefit 
rather than otherwise, as it would tend to keep them clean and 
tight. There was never any swell on the water at that part of the 
harbour sufficient to cause it to oscillate, and vessels being docked 
were not allowed to move their propellers so near the dock entrance ; 
while no steamers would be passing the dock entrance at any speed 
to affect the caisson at the time it was being hauled out or in. 
Kegarding the automatic folding bridges which Mr Hayward 
suggested were less convenient than the system of a hinged platform 
worked by hydraulic power, he had no doubt each design was best 
suited to the purposes required at either port, and as a level cart 
road across the dock was an absolute necessity at Glasgow it was 
difficult to see what better communication could be adopted than 
the folding bridge. There was so little wear on the lever joints that 
practically nothing had been done to those in No. 2 dock caisson 
since it was put in operation in 1886, and they were likely to last for 
the next 50 or 100 years without repairs of any consequence. The last 
point raised by Mr Hayward was a most interesting one. He did not 
claim strict accuracy for the revolutions, they were taken by watch 
and might vary slightly according to the accuracy of the person 
counting them ; and it was possible also that the engines might not 
have been quite in the same condition on the two trials as 
regarded friction of bearings, pistons, valves, etc., and the lubrica- 
tion might not have been the same. It should be noticed also that 
in the first trial a fourth boiler was used about the beginning of 
the ninth interval, which might have some effect on the dryness 
of the steam and show a higher pressure corresponding with the 
revolutions at the finish than at the middle of the time taken to 
pump the dock. But whatever the cause, the seeming anomaly 
remarked on by Mr Hayward — viz., that with reduced pressure a 
considerable increase in the number of revolutions per minute would 
take place at the greater heads — had been observed before, and might 
be accounted for by the fact that after the water reached the to]) of 
the opening to the main culvert in the side of the dock, which would 
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be about 10 feet above the floor, a large volume of air was drawn in, 
thus reducing the density of the water, and as the water level 
in the dock was lowered to reach the openings of the other culverts the 
tendency of air to rush in along with the water towards the sump 
was much increased. That this was the case had been proved by 
shutting the sluice valve on the discharge of one of the pumps and 
opening the valve on discharge of the ejector when the air bottled up 
in the pump casing could be heard rushing out with considerable force. 
Referring to Mr Morton's observations, it had been often remarked 
that the discussion to which a paper gave rise was frequently more 
interesting than the paper itself, and this applied with exceptional 
force to the present case. Mr Morton's observations, which were 
based upon a long experience in the design and manufacture of the 
highest class of centrifugal pumping machinery, were, therefore, of 
more than ordinary value, and formed an important contribution to 
the discussion of this subject. His references to the pumping 
machinery, and especially to the pumps themselves, supplemented 
the inadequate description given in the paper, and entered into details 
which only an expert could sufficiently appreciate. He therefore for- 
warded his remarks to the makers of the centrifugal pumps, Messrs 
Gwynne & Co., with whom he had been in correspondence relative 
to the co-efficients of efficiency given in the tables, in order that 
they might have an opportunity of offering any remarks on the 
points raised by Mr Morton. He would endeavour to follow him 
as far as his limited knowledge of centrifugal pumps permitted^ 
and before doing so would express his thanks for the kind and 
flattering remarks with which he had prefaced his observations. It 
would be convenient to reply to the various points in the order in 
which they had been raised, and the first mentioned was in regard to 
the possible silting up of the rollers. Although there was a tendency 
to silt up, it was found that much of the silt was carried in the water in 
suspension, and while some of it was deposited, the caisson itself being 
open for only comparatively short intervals prevented access of silt to 
the rollers, and the space below the caisson would hold the accumu- 
lations of years before it would require to be cleaned out, while cur- 
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rents caussd by the working out and in of the caisson tended to clean 
away any little accumulation of silt that might take place in the neigh- 
bourhood of the rollers. With reference to the installation referred to 
by Mr Morton, which, however, was constructed twenty years ago, 
he thought it would be admitted .that the one at No. 3 graving dock 
compared very favourably with it. Assuming that the pumps in the 
former installation had performed the work for which they were 
designed — which, however, they did not accomplish — each of them 
would have delivered 9,000 cubic feet of water per minute through 
a lift of 7 feet 3 inches. On referring to the diagram of the second 
trial of the pumps at No. 3 graving dock, it would be seen that at a 
lift of 7 feet 3 inches each pump was discharging at the rate of 
16,250 cubic feet per minute. Although the former had discharge 
pipes of 54 inches diameter, as against 60 inches in the latter, the 
difference was still overwhelmingly in favour of the pumps at No. 3 
graving dock. The side inlets of the 15-inch auxiliary pump were 
each 13 inches (not 11 inches) diameter, and the diameter of the 
disc was therefore four times that of the inlet, a better proportion than 
that assumed by Mr Morton. With an open single engine of this 
size, cylinders 14 inches diameter by 10 inches stroke, some engineers 
might be of opinion that 230 revolutions per minute was fast enough 
considering the character of the work ; and whatever advantage might 
be gained by the adoption of a quick-running enclosed engine would 
be balanced by the disadvantage of doubling the number of working 
parts to overhaul and keep in repair, and by practically doubling 
the chances of leakage from piston valves, etc. And when it was 
considered that this pump was required to work only occasionally and 
for a short time, the conditions being entirely different when it would 
have to be run continually for a prolonged period, no great economy 
was to be gained by having two-cylinder engines. Besides, the space 
at disposal was so contracted that it would have been inconvenient and 
almost impracticable to adopt engines of the double-crank tjrpe. With 
further reference to the main pumps, he quite agreed with Mr Morton 
that, where practicable, the inner or carrier bearings should be dis- 
pensed with ; but, in view of the weight of the 8 feet disc and the 
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long span between the stuffing-box bearings, which appeared to be long 
enough already to admit of proper lubrication, it was questionable if 
it would have been prudent to have dispensed with the carrier bear- 
ings ; and to have extended the boss of the disc to either side, as 
suggested, would have either curtailed the area of the side aperture in 
the casings or entailed the suction pipes being made excessively large. 
Mr Morton^s suggestion as to having pumps made with a " whirlpool 
chamber " was undoubtedly correct in theory, and pumps so fitted 
were usually more efficient and also more costly than those without 
them. But to have designed the No. 3 dock pumps with " whirlpool " 
chambers would have necessitated the casings being made 5 or 
6 feet larger in diameter. This would have been quite impossible 
in the space at disposal, and if it had been possible, it was questionable 
if any advantage in the form of additional efficiency would have been 
gained commensurate with the disadvantage of the increased size of 
casings and the extra cost, keeping in view the fact that the pumps 
only worked for a very short time. It would be quite different in 
the case of pumps working continuously, for then the question of 
highest possible efficiency became the predominant problem in the 
design of the pump. In regard to the " stop " to which Mr Morton 
alluded, it would scarcely be possible to have it arranged otherwise 
in a casing of this design. To have made it as suggested would have 
involved a "whirlpool" chamber, which had already been shown 
to be impracticable in the space at disposal. Ecgarding the 
reflux valves, he had not calculated the velocity of back-flow, and 
admitted that at 40 or 50 feet per second it might be over, 
stated, although, as a result of the arrested momentum of such a 
large body of water flowing at about 10 to 15 feet per second, the 
flow might be suddenly increased for a few seconds quite as much 
as 40 or 50 feet per second. The intention was more to give s 
general impression of the effect of the momentum of water flowing 
partially controlled through the various passages, especially where 
it came into contact ^vith confined air; and even if the velocity 
were one-half or one-fourth of that stated, it was sufficiently great 
to occasion serious damage, if such an event as was sought to 
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provide against ever happened. As showing the force of water and 
air under pressure, it was worth remarking that in filling the docks- 
it was observed that, after the culverts in the side walls were filled 
and water began to cover the floor of the dock, some of the water 
was carried up through the 36 or 40 air pipes from the culverts to a 
foot or so above the level of the cope of side walls — a height of 
nearly 32 feet from the floor. In questioning the necessity of 
fitting reflux valves on the ends of the discharge pipes, while an 
accident of the kind referred to in the paper might not happen 
once in many years, the damage might not be confined to the 
machinery alone, but vessels might be seriously damaged if the 
dock happened to get flooded while some of the plates were ofl' or 
the shaft drawn, or under repairs of a similar nature. Occasions 
might arise where one or both sluice valves would get jammed up by 
pieces of floating timber chips, as had sometimes happened ; in that 
case the reflux valves would be found extremely useful in keeping 
back the rush of water after the dock had been pumped out. The 
drainage pump would be quite capable of overcoming any leakage 
through the reflux valves until the obstruction in sluices was 
removed. Notwithstanding the ^dews expressed by Mr Morton, 
the comparatively small cost of the reflux valves, their usefulness in 
certain contingencies which were liable to occur, and the absolute 
safety they afforded against accident in such an important installation, 
ahould be a sufficient \'indication of the propriety of adopting them. 
It was very satisfactory to gather from Mr Morton's remarks on the 
combined and separate efficiencies of pumps and engines that those 
of this installation were in conformity with the best practice. The 
figures given of steam consumption had not been calculated from 
the indicator diagrams, but were estimated from a very rough 
measurement of the coal burnt during the trial, and a more accurate 
investigation would probably show that the actual consumption 
of steam would closely approximate to the figures indicated by Mr 
Morton ; but, as it might have a tendency to mislead were the 
consumption understated, it was thought more judicious to be on the 
safe side and estimate the consumption at a higher rather than at to<» 
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low a rate, especially as in a graving dock installation a very consider- 
able amount of condensation took place in both cylinders and steam 
pipes. The consumption of fuel was comparatively greater than at 
Liverpool, on account of the arrangement for avoiding smoke. For 
this purpose, the furnace fronts were perforated all over in order to 
admit a large body of air over the fires, and no doubt the excessive 
amount of cold air admitted as compared with boilers of the 
ordinary type necessarily meant a larger consumption of fuel 
Since this paper was written, by covering a part of the furnace fronts 
with sheet iron, and reducing the quantity of air admitted till just 
sufficient to prevent smoke, a considerable reduction in the con- 
sumption of fuel had been effected, although this had not actually 
been measured. While recognising the advantages of compound 
over simple engines generally, in the present case the advantage 
would not be all on the side of the former. The cost would have 
been at least £500 or £600 more, the exhaust steam pipes (which 
were at present 16 inches in diameter, led to the top of the chimney), 
the exhaust stop-valves and connections, and the feed-heater, would 
have required to have been much larger, and a higher pressure would 
probably have had to be adopted, so that, while no doubt a slight 
saving in fuel might have been effected, it was doubtful if it would 
have compensated for the extra cost. On the other hand, there 
were advantages in the simple engine which to some extent balanced 
the saving by the adoption of compound non-condensing engines. 
In making allowance for heat due to friction in pipes, this, as Mr 
Morton observed, might well have been neglected in estimating the 
power required to pump the dock, as it only affected the apparent 
relative efficiency at very low lifts. 



Correspondence referred to in Mr Baxter's reply, 
Messrs Gwynnk & Co., wrote (4th May, 1899). — In reference to 
the tests of machinery in last week's Engineer which, as you may 
be sure, have interested us considerably, we think you have made a 
mistake in calculating the friction in the pipes, as we have gone very 
carefully into this, and if the length of the pipes as given us by Messrs 



NO. 3 GRAVING DOCK. 313 

Meflsn Ow]nme & Co. 

Barclay are correct, the head due to friction is considerably higher, 
therefore the water H.P. higher, and in consequence the efficiency 
much better. .......... 

One pump, we understand, has 19 feet of discharge pipe, and the 
other 68 feet of discharge, there is then 15 feet of 4'1-inch suction- 
piping on each side of the pump, or 30 feet in all for the two pumps. 
If these are correct we think you will find that the friction in the 
pipes, in forcing the quantity of water you name, instead of -797, is 
1*692. This increases the total head in proportion, also the water 
H.P. and the efficiency therefore would be '232 instead of what you 
give ; viz., '189. 

If you will let us hear from you on this point we will go over the 
other figures, and feel sure, if we show you that we are correct, that 
you will correct these figures in the Engineer^ as it will very largely 
improve the efficiency of the plant. 

Yours faithfully, Gwynne & Co. 

In reply to this Mr Baxter wrote (15th May, 1899) acknowledging 
receipt, and said : — Eegarding the head due to friction, you will see 
that I allowed for a total length of 100 feet of piping for each pump» 
but even if double this had been allowed it would make extremely 
little difference in the efficiency, especially at the higher powers, 
as will be seen on comparing the calculated results given in the 
following table : — 



Length of 
pipes. 


No. of 
Intervals. 


A» 


H. 


I.H.P. 


W.H.P. 


Efficiency 


Feet. 














100 


1 


.797 


2-547 


901 


170 


•189 


»> 


9 


•190 


23-690 


1331 


777 


•683 


200 


1 


1-590 


3-344 


901 


223 


•248 


>» 


9 


•380 


23-880 


1331 


782 


•587 
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I have not had time to make the intermediate calculations which 
is hardly necessary, as it will he seen from the above that the head 
due to friction scarcely affects the efficiency at higher powers. . . • 

Yours truly, George H. Baxter. 

Messrs Gwynnk & Co. wrote (17th May, 1899):— We are in 
receipt of your letter of 15th inst., for which we thank you and for 
the information you give us. We think, however, you have missed 
the point of our objection. In the high lifts, when the velocity is 
not so great, the^friction we are quite aware does not make much 
difference to the efficiencies over and above what you have worked 
them out, but we scarcely think you will say that in the low lifts 
an efficiency of 23 per cent, is not very much better than an 
efficiency of 18 per cent. It is on the low lifts that the efficiencies 
appear so bad in your table, which should not be the case. We 
enclose you a table giving A, B, C, E, F, G, H, and J, and have shown 
in red ink [the figures referred to are in italics in this printed 
table] against your figures what we work out the alteration 
should be, which very much improves the performance of the pumps. 
You quite understand we do not wish to claim anything for the 
pumps beyond what'they have done, at the same time we feel sure 
you wish to give the pumps full credit for what they have done. 
Under these circumstances we would ask you to communicate with 
Mr Parker, and ask him to correct these figures 

We note you say in your calculations you reckoned on 100 feet 
of piping. Our calculation for the friction, however, is based on 
the exact length of piping shown on the drawing which does not 
amount to 100 feet. 

We wish you to understand, therefore, that it is not the length 
of piping which we say is incorrect, but that the formula or figures 
that you have worked out for the friction is incorrect, and which 
is the cause of the difference between our figures and yours. We 
do not know what formula or figures have been worked out. 
however, but we are quite certain that they are incorrect, and if 
you will check over our figures you will find that the head due to 
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friction is right. We are rather anxious to have some of these 
tables printed off, and would, therefore, be very much obliged to 
you, seeing that the table is the more valuable, as having been 
worked out by an independent person, if you will authorise us to 

correct these figures 

Yours truly, Gwynne & Co. 

Mr Baxter wrote in reply (22nd May, 1899) asking Messrs 
Gwynne & Go. what formula they used in calculating the heads due 
to friction — they replied on the 24th May as follows : — 

We are obliged by your favour of 22nd inst., and return you your 
figures, which, so far as we can see, are quite correct in accordance 
with the formula you have used ; it is the formula, however, which 
we take exception to. 

We prefer and have always been accustomed to use Box's formula 
in practical Hydraulics, and we venture to suggest that this formula 
is very well known, and largely used. 

If you work out the figures according to this formula, as per the 
particulars we give on the enclosed sheet, we think you will find the 
figures we have given are quite correct 

The formula is as follows : — 

^ G^xL 
(3rf)* 

H = Head in feet due to friction. 

G = Gallons per minute. 

L = Length of pipe in yards. 

D = Diameter of pipe in inches. 
• .*••• 

You will see we have taken for one pump 68 ft. of piping 60" disL 

80 „ „ 44' „ 

And for the other pump 19 „ „ 60*^ „ 

30 „ „ 44' „ 

By taking the exact lengths of piping according to the arrange- 
ment of pipes, you will see it will be more accurate than assuming 
merely 100 ft. as has been done in the calculations you send us. 
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We shall be extremely obliged to you if you will confirm our 
figures, • . • and let us hear from you as soon as possible, as 
we are anxious to get the correct figures printed. 

Yours truly, Gwynne & Co. 

Mr Baxter wrote on 25th May acknowledging receipt, and said 
I am however revising the discussion, and my remarks 
in reply to criticisms, and will include the gist of our correspon- 
dence, and propose to insert the table you made out, giving what 
you consider the figures should be, which I trust will be quite 
satisfactory to you. 

Yours truly, George H. Baxter. 

On 2nd June Mr Baxter sent Messrs Gwynne & Co. extracts 
from Mr Morton's remarks bearing on the pumps, stating that if 
they had anything to say in reply he would be glad to incorporate 
their remarks in the correspondence if they would like this done. 

On 2l8t June they wrote, enclosing "some remarks of our 
Principals, and also some separate remarks of our Managers,'' 
adding, "We think you will probably get from these what you 
require." 

These remarks are as follow : — 

" The remarks of Mr D. H. Morton of Glasgow — on the paper read 
by Mr Baxter on "The Clyde Trustees' No. 3 Graving Dock 
Pumping Machinery" — is more a lecture on the history of centrifugal 
pumps than anything else it could be compared to. 

Messrs Gwynne & Co., the designers and makers of the centrifugal 
pumps referred to, were called upon to send estimates and plans for 
suitable plant to empty the dock in a fixed time. The engines were 
to be provided and made by a Scotch firm, and were to be coupled 
to the pumps made by Messrs Gwynne & Co. of London. Of course, 
price was an important factor in the question, and competition with 
other makers had to be taken into consideration. 

The emptying of a graving dock, which was done in a few hours 
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(and not frequently), did not warrant the expenditure on a costJy 
plant of economical fuel-saving machinery. The .interQst on the 
«xtra cost of engines could not be paid out of the saving in fuel 
therefore it was no economy, but the reverse, to erect complicated 
engines for dry dock pumping. Were the machinery required for 
permanent and constant pumping, it would be a different matter, 
and then the most economical fuel-saving machinery shoul(i l^ 
adopted. Such was their constant practice, and they could refer to 
some of the most economical drainage plants in Holland and other 
countries where coals were costly and the pumping engines were 
daily at work for a large portion of each year. 

The pumps at the Clyde Trustees' No. 3 graving dock were giving 
an efficiency, for the pumps alone, of about 76 per cent, at the 
maximum lift (allowing the engines to be very good ones), and that 
was an efficiency that few, if any, pumping plants in any of the 
graving docks in this or in any other country gave. 

Could Mr Morton refer to any dock pumping plant, either designed 
by himself or others in this country, which gave as good a result ? 

Centrifugal pumps could be used with great advantage in dock 
work. The power of the engines could be employed from the com- 
mencement of the pumping until the finish — not at all points of the 
lift with the best (efficiency) result, but certainly enabling the work 
to be done in a comparatively short time with a certain (small) size 
of engine, and at a first cost which put other kinds of pumping 
plants out of competition. 

The durability of properly constructed centrifugal pumping plants 
was very great, and any ordinary workman could drive and take 
charge of them, while the result obtained from them was very 
good indeed." 



*^ They were pleased to see that the diameter of disc in large pumps 
was considered satisfactory, and were quite aware that there was a 
happy medium in the ratio of diameter of eyes to that of the periphery, 
within the limits of which the highest efficiency was obtainable. They 
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thought that it would be admitted that the comparison of the 54-inch 
pumps referred to, with the 60-inch ones at No. 3 graving dock, Govan, 
spoke unquestionably in favour of the latter. If it required 5 4-inch 
pumps (only 6 inches less than the latter) each to raise 250 tons of 
water per minute through a lift of 7 feet 8 inches, one would scarcely 
expect to get 867 tons per minute on the average raised through a 
lift of 27 feet, as was done by tht latter at the trials. They quite agreed 
with the opinion expressed that in large pumps there was no temp- 
tation to make the diameter of disc larger than was necessary to 
secure efficiency, as the size of the pump casing woM he increased, and 
therefore also the cost. This was surely obvious ! 

With small pumps it was often necessary to alter the relative 
proportions of eyes to disc diameters to suit circumstances which 
were sometimes not under control. However, in the case of the 
drainage pump in question, the ratio of diameters of disc to eyes 
(which was about 3*7 to 1) they did not consider at all excessive, and 
there were very many instances of pumps in practice doing excellent 
work in which this ratio was considerably greater. 

As regarded the carrier bearings, placed in the suction bends to 
assist in supporting the impeller and its shaft, they considered these 
necessary to prevent springing of the shaft and consequent vibration. 
As to the obstruction caused by these bearings to the flow of the 
water into the disc, that was, after all, comparatively little, the ratio 
of the area of bearing to total area of suction pipe being so small 
(not anything approaching the usual ratio in smaller pumps) that 
they thought, in considering the question of efficiency, it was hardly 
worth taking into account. Certainly it was preferable to use 
such bearings to extending the stuffiing-box bearings and boss of 
disc, which latter method would entail considerably more additional 
and needless weight without any improvement in the result. To the 
somewhat gratuitous remarks which Mr Morton made with regard to 
the form and size of pump casing, they would simply say that his 
sweeping assertions did not prove the infallibility of the views set 
forth. It was well known that no little diversity of opinion existed 
upon that point on which he so stoutly and uncompromisingly 
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affirmed his views, which were just as strongly repudiated by others 
generally esteemed well qualified and competent to judge. 

With reference to the performance of the pumping machinery, thej 
were pleased to see that Mr Morton considered the average discharge 
of 367 tons of water per minute from each pump throughout the lift 
to be good, although he proceeded in the next breath to make a 
somewhat disparaging comparision, and without any attempt at 
qualification of any kind stated this discharge from a 60-inch pump, 
with a velocity of flow ranging from nearly 16 feet per second down 
to 7 '3, was not more than many pumps with 54-inch pipes were 
delivering. He, however, carefully abstained from giving any 
information as to the height of lift through which these many 
marvellous machines were raising their load ; nor did he give the 
slightest limit as to the seemingly insignificant matter of detail; viz.. 
how much power was being wastefully absorbed by these ingeniously- 
devised inventions in performing their wonders. 

In the critic's general and somewhat difl'use remarks in speaking of 
efficiency, they could not but admire the quite too generous admis- 
sion that the efficiencies shown by the 60-inch pumps at Govan (viz., 
•583 on 24 feet lift, combined efficiency of engines and pumps) "were 
probably about as good as were obtained in nine graving docks out of 
ten, and the engineers had no reason to be ashamed of them!" 
And having delivered himself of this masterly and most moderately 
measured mead of too faint praise, he sagely counselled and hopefully 
encouraged those much-to-be-envied engineers fortunate in having 
such an oracular adviser in the following weighty words : — " Still, 
they could do better by attention to little matters of detail here 
and there, because it was the aggregate of these little differences 
which made for high efficiency or low efficiency." 

Mr Baxtj:h — It would be gathered from the remarks of Messrs 
Gwynne ^ Co. that, their principal object was to show that from their 
point of view the combined cfliciency of pumps and engines at the 
low lifts should be 23 per cent., as against 19 per cent, according to 
his calculations ; the results being arrived at by the use of different 
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formulae. Which was the most accurate formula should be left to 
the decision of experts who had investigated the subject. Perhaps 
both were more applicable to hydraulic works in which the piping 
was very much longer and the effect of friction much greater than in 
this instance. Indeed, as Mr Morton observed, it would make very 
little difference if, in dock-pumping machinery such as this, the 
effect of friction were left out of account altogether. ;^At the high 
lifts, however, their figures agreed almost exactly with his. And 
as the pumps were designed specially to work with greatest efficiency 
aX the high lifts, it was satisfactory to find that the same good 
result was arrived at by both formulsB. Much of their criticism on 
Mr Morton's remarks confirmed what he had already said in reply 
thereto. In conclusion, he had to express his acknowledgments to 
his colleague, Mr Deas, for affording him the use of the necessary 
plans and sections, etc., of the dock, for the purpose of illustrating 
the paper, and to thank those members who had so ^kindly contri- 
buted to a very interesting discussion. 
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COMPAEISONS OF SIMILAR STpOCTURES AND 

MACHINES. 

By Prof. Archibald Babr, D.Sc. (Member). 



(see plate XX.) 

Bead 21st March, 1899, 

In 1875 the late Professor James Thomson read a paper before 
this Institution on "Comparisons of Similar Structures as to 
Elasticity, Strength and Stability."* My object in the present 
communication is to direct the attention of Members anew to the 
very important and far-reaching principles brought forward in that 
paper, to offer some fiirther illustrations of those principles, and to 
apply a similar mode of reasoning to questions involving kinetic as 
well as static actions. 

The principles upon which we may arrive at an estimate of the 
relative suitability of large and small structures of similar design, 
as regards the various conditions upon which their safety or per- 
manence depend, are of great practical importance. This will be 
manifest on consideration of the methods by which the engineer 
must proceed in designing works for which he is to be responsible. 
It is easy enough, in many cases, to deduce from more or less 
fundamental principles, a set of formulas which will enable the 
draughtsman to calculate out dimensions for the members of a 
structure or of a machine, and the less the draughtsman knows of 
sound engineering science the more will he be disposed to place & 
blind confidence in the results arrived at. Before one can deduce 
such formulas, however, it is necessary to state the problems in 
mathematical form, and this involves the making of a number of 
assumptions, which, at the best, can be only approximately 
justified, and in many cases the assumptions made are very far 
from expressing the conditions of actual practice. 

The physicist or the chemist may state a problem for himself 

• Volame XIX, Session 1875-6, p. 59. 
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and eliminate in great measure, possibly entirely, all extraneous 
and disturbing elements, and so arrive at very definite and 
trustworthy results from the data with which he sets out. The 
chemical investigator has to do, for the most part, with the 
reactions of practically pure elements and definite compounds, 
under conditions that he is free to prescribe for himself; and 
the physicist, in the majority of cases, deals in his mathematical 
investigations with more or less hypothetical forms of matter, and 
with definitely specified forces — as, for example, when he deduces 
results regarding the stresses in a perfectly elastic solid, or the 
motion of a body guided frictionlessly in a path of given form 
under definitely prescribed conditions. But it is otherwise with 
the engineer. He has to deal with substances the properties of 
which it is not in his power to arbitrarily prescribe; he cannot 
eliminate, and he must not neglect, the influence of impurities- 
and defects in order to make the facts fit with his hjrpotheses ; nor 
has he completely under his control the forces which his work ia 
to withstand. He must use such materials as are available on 
the commercial scale with all their complex and undefinable 
qualities and defects, and he must allow his structure or machine,, 
when completed, to be subjected to such forces as may chance 
to come upon it under conditions that can never be fully prescribed 
or predicted. 

The questions that arise in engineering practice are therefore of 
an altogether different order of complexity from those that the 
mathematician would choose in setting himself a problem for 
solution. It is not too much to say that there never was and 
never will be a mathematician or engineer who could, by any 
process of calculation from first principles, arrive at the minimum 
dimensions that would suflSce for a single bolt or rivet in a 
locomotive or in a ship, even if he had a perfect knowledge of all 
the physical properties of the material of which the bolt or rivet is 
to be made. Indeed to such problems no definite solutions are 
possible, in as much as there is no assignable limit to the 
magnitude of the forces that may come to aqt upon the structure 
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or machine at some time or other in the course of its service. 
It is for such ^reasons that a so-called ''factor of safety" of 5 
or 6, or more, must be introduced when using formulas of the 
kind above referred to. In most cases such factors express, not 
the superabundance of strength in the work, but the un- 
justifiable character of the assumptions and the inaccuracy 
of the data upon which the formulas are founded. Indeed, an 
engineer who would dehberately make a structure 5 or 6 times 
as strong as it need be, would be guilty of culpable extravagance. 

But it is seldom that the engineer is called upon to make 
a design that is conspicuously novel in regard to the elements of 
which it is composed — or at least it is not often that he is bold 
enough to adopt conspicuously novel elements, even in cases 
where such might advantageously be introduced, were a complete 
knowledge of all the conditions available. Almost all progress in 
engineering design consists, and must consist, in a gradual 
advancement from familiar and well-tested practice. Variation 
and the survival of the fittest are almost as important factors in 
the evolution of works of human art, as is the development of 
forms in animate nature — ^though the variations may, in the 
former case, be deliberately planned. When railway carriages 
were first required, the demand was met, naturally enough, by a 
-slight modification of the stage-coach, and even yet in some of 
the features of modem cars there are traces of the parentage 
from which they sprang. So also when mechanical hammers 
were first brought into use, they were as nearly as possible 
the familiar sledge-hammer worked by mechanical contrivances 
designed to imitate the human actions to be replaced. 

The best that the most highly-trained engineer can do in many, 
if not most cases — as regards the general features of a design, and 
still more in the proportioning of parts — ^is to draw upon his own 
experience or that of others, and to take some guidance from 
dynamical principles in modifying familiar forms to suit more or 
less novel conditions or requirements. 

It is obvious then, that one of the commonest (and it should be 
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one of the simplest) steps that an engineer is called upon to 
take, is one in regard to the dimensions of a structure or machine, 
with little or no important change in the general character or 
functions of the parts. Few bridge-builders take such departures 
from recognised designs as are represented by the Britannia Bridge 
or the Forth Bridge, and even such designs embody the results of 
a vast accimiulation of previous experience in regard to the 
behaviour of materials under conditions of engineering practice, 
and in the due proportioning of structural elements — experience 
that could not be replaced by any mathematical deductions from 
first principles. But every bridge-designer is called upon to 
modify his previous practice in regard to dimensions at least. 
Similarly every engine-builder is called upon to design engines 
of dififerent powers. A marine engineer who has gained the 
bulk of his experience in the construction of engines for large 
war vessels or merchant ships, may be called upon to scheme out 
a set for a small destroyer. In all such cases, while the results of 
past experience — either one's own or some other's — ^must be 
appealed to, the familiar and successful practice must be modi- 
fied according to true principles, in order to be safely applied to 
the new conditions. 

No apology, therefore, need be offered for discussing here the 
bearings of the magnitudes of similar structures or machines upon 
their suitability for the purposes they are designed to serve. 
Indeed, the subject may be considered a specially appropriate one 
to bring before the members of this Institution, in as much as the 
principles to be enunciated and illustrated have applications in all 
branches of engineering and shipbuilding practice. 

I propose, then, to discuss the -bearing of the magnitudes of 
structures and machines, upon their detailed design, or, on the 
other hand, the suitability of the same design to be carried out on 
different scales. In respect to structures,* we shall have to con- 

* "The works of human art to which the science of applied mechanics relates 
are divided into two classes, according as the parts of which they consist are 
intended to rest or to move relatively to each other. In the former case they 
are called structures ; in the latter machines,** — Rankine's Applied Mechanics. 
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sider how a change in dimensions of the structure in regard to its 
main features should affect the design in respect to details ; and 
in the case of machines, we shall have to consider not only that 
question, but also the relation between the maximum speeds at 
which similar machines may be safely run. We may then deduce, 
from the results arrived at, some conclusions regarding the 
relations between the weights and powers of engines and other 
machines of similar design but of different magnitudes. 

By *' similar structures" we mean structures not only alike in 
all their proportions (that is,' constructed from one drawing, with 
only the scale altered) but formed, at corresponding parts, of the 
same kind and quality of material. It should be observed at the 
outset that such perfect similarity as we assume is hardly attain- 
able in practice. Most materials with which the engineer has to 
do, have physical constitutions of a coarseness quite comparable 
with the dimensions of the pieces which form the elements of 
structures and machines. Large and small pieces of such materials 
are therefore not strictly — ^and in some cases not even approxi- 
mately — similar in qualities. Thus, while a beam of oak 12 ins. 
square by 10 ft. long may be very approximately similar to a beam 
2 ft. square by 20 ft. long, it will be obvious that a piece ,V i°- 
square by 1 in. long will be essentially dissimilar in structure to 
either, inasmuch as the fibres and ducts of the timber wUl, in the 
small piece, have relatively great dimensions. So, again, the fibrous 
structure of wrought iron (or the crystalline structure of cast iron 
or of stone) introduces a dissimilarity in the constitution of large 
and small pieces produced in a similar manner, or cut from the 
same block. If, on the other hand, we attempt to get in a rod of 
wrought iron ^ in. diameter, a fineness of fibre that would make 
it similar in physical constitution to an ordinary bar 1 in. in 
diameter, we know that in the process of preparation the tensile 
strength of the material will be much increased, though the 
chemical composition may remain practically unaltered. Strict 
identity in quality is thus hardly attainable in such materials on a 
large and on a small scale. And again, the character of work- 
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manehip attainable in structures is largely dependent upon tbo 
dimensions of the parts. 

We must, however, for our present purpose, neglect such 
differences, and assume that we can have two simple or complex 
stmctores strictly alike in all respects except in dimensionB. 

Comparative Strength of Similar Structures. — Two similar por- 
tions of matter are said to be alike severely stressed when they 
are subjected at all corresponding parts, to stresses of the same 
kind and of the same intensity per square inch over corresponding 
surfaces or interfaces' 

In the paper already referred to. Professor Thomson enunciated 
and proved a theorem which we may state thus : — Two similar 
portions of matter will he alike severely stressed across alt corre- 
sponding interfaces, when the forceB to which they are subjected 
from without are applied over corresponding areas, and of like 
intensities and directions at corresponding places, Pig. 1. 



<|f 



Thus, if we take a large and a small globe of the same kind 
of material, each having drawn upon its surface a map of the 
world, and apply over the areas representing Great Britain 
similarly disposed pressures of 100 lbs. per square inch, and 
* The vord "interface." utrodaced into the laDKnage of mechanics by 
FnrfeaBor Thomion, i» anfficiently lelf-explui&tory, audits nse avoids sacn 
a manifest aboEe of luignage as is involved in the expression internal 
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balance these by forces distributed over the areas representing 
Australia and similarly disposed in the two cases, then the 
materials of which the globes are made will be alike severely 
stressed at all corresponding parts ; that is to say, for example^ 
the push stresses across the equatorial sections will be simi- 
larly distributed, and will have the same intensity at corre- 
sponding places. This consideration leads to a statement of what 
we may call the principle of similar structures in respect to 
strength : — Similar structures are aUke suitable to bear loads 

similarly disposed, and of the same intensity at corresponding 
places. 

Thus we see that, neglecting all other causes of stressing, similar 
pipes are suitable to bear the same internal water or steam 
pressure. If, for example, one pipe be double the diameter of 
another, it must also have double the thickness of metal in order 
that it may be alike suitable to bear the same internal pressure. 
If a cast iron pipe 12 inches in diameter and 1 inch thick is suitable 
to bear a water pressure of 400 lbs. per square inch, one 10 feet in 
diameter and 10 inches thick, and one 1 inch in diameter and yV- 
inch thick, will be alike suitable to bear the same internal pressure 
if of the same quality of cast iron. Again, two similar boilers, one 
double the dimensions of the other in every detail, are alike suit- 
able to bear a given steam pressure. Similar masts carrj'ing 
similar sails and rigging, are alike suitable to bear the same wind 
pressure. Similar floors, whatever their absolute dimensions 
(assuming them to be weightless), are alike suitable to bear the 
same load per square foot ; they are, for example, alike suitable to 
bear a crowd covering the whole surface. Two similar foot-bridges, 
however complex in design, are alike suitable to bear the weight of 
a crowd and to bear a given wind pressure, and this applies equally 
to the flooring, joisting, girders, piers and foundations. Note care- 
fully that here we are only considering the stresses due to the 
weight of the crowd and to the pressure of the wind. We shall see, 
later on, how the weights of the structures themselves affect the 
question. Similar roof frames are ahke suitable to carry coverings 
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of the same kind and the sa/me thickness, the same depth of snow^ 
and the same wind pressure — not similar thicknesses of covering 
and similar depths of snow. Similar cylinders with similar pistons, 
piston rods, &c., are alike suitable to bear a given steam pressure. 
Inasmuch as the areas of similar figures are as the squares of 
their linear dimensions, we see that pressures of the same intensity 
over corresponding areas produce total loads proportional to the 
squares of the linear dimensions. We may therefore state the 
principle above enunciated in another form: — Similar structures 
are alike suitable to bear total loads proportional to the squares 
of their linear dimensions, applied in similar directions at corres- 
ponding places. 

Thus, if we double the height, double the diameter and double 
the thickness of a column, it will be able to bear four times 
the former load. Similar shafts (such as those represented in 
Pig. 2) are alike suitable to bear, at similar places (say the ends 
of the similar cranks) loads proportional to the squares of the 
linear dimensions ; and, since the arms are as the linear dimen- 
sions, it follows that similar shafts are alike suitable to bear 
torques having magnitudes proportional to the cubes of their 
linear dimensions. To take a more complex example ; suppose we 
construct two exactly similar jib cranes, one double the size of the 
other in every detail, then, if the smaller is, in every detail, 
suitably designed to work under a load of 20 tons, the larger one 
will be suitable, in every detail — size of chain, jib, pins, teeth and 
arms of wheels, diameters of shafts, etc., etc. — to bear an 80 tons 
load, so far as the stresses due to statical loading are concerned. 

Deformation of Structures, — Two portions of matter which 
are similar in form and in substance when unstressed, will, when 
alike severely stressed, suffer similar deformations (or strains). 

Two structures or pieces, originally similar in form, will therefore 
be strained to similar forms when subjected to loads of the same 
intensity at corresponding places ; or to total loads proportional 
to the squares of their linear dimensions. All angular strains will 
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then be the same in the two cases, and all linear strains 
{extensions, deflections, etc.) will have magnitudes proportional to 
the linear dimensions. 

Applying this principle to the case above considered, Fig. 2, 
we see that similar shafts carrying at similar arms loads pro- 
portional to the squares of their diameters will be twisted through 
the same angle. But the lengths of the shafts are as the linear 
dimensions. Hence the angle of twist per unit length is smaller 
in the larger shaft in the ratio of the linear dimensions. But the 
torques are as the cubes of the linear dimensions. To twist the 
two shafts through the same angles per unit of length — through 
the same angle on the same length — will require torques propor- 
tional to the fourth powers of the linear dimensions. We see, 
therefore, that while the strengths of similar shafts (expressed in 
the maximum torques they can safely bear) are as the cubes of the 
diameters, the stiflEnesses (expressed as the torques that will pro- 
duce the same total twist on a given length) are as the fourth 
powers of the diameters. 

We may apply the same principle to the important question of 
standard tests for structural materials : — Test pieces having similar 
forms will give similar results if of like material. 
Thus, if a specimen of steel 1 inch in diameter and 10 inches 
long, shows a test strength of 26 tons per square inch of 
original section, and an elongation of 30 per cent., a specimen 
i-inch in diameter and 5 inches long (if of like material) would give 
the same results if similarly tested. But a specimen J-inch in dia- 
meter and 10 inches long will not do so. This last specimen 
is not sijYiilar to the others. In specimens of ductile material, 
the local extension, which takes place after the maximum load 
is passed is a function of the transverse dimensions, whereas, the 
general extension which the specimen suffers before the maximum 
load is reached, is a function of the length of the specimen. In Fig. 3 
a specimen of wrought iron or oi mild steel is shown at different 
stages of a tensile test. The specimen before the load is applied 
is represented by A. The first effect of the tension is to pro- 
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■duce general extension over the whole length of the pieoe. This 
holds until the maximum load is reached, when the specimen has 
such a form as that indicated in diagram B. The specimen will 
still he approximately parallel, each inch of its length having 
suffered the same extension, and consequently the same reduction 
in diameter, except in so far as the heads give lateral support, and 
so prevent the reduction in diameter taking place as freely in their 
vicinity as in the central portion. The percentage of general 
extension is therefore very approximately the same whatever the 
length of the specimen. Ultimately, however, the specimen begins 
to contract locally, and at the instant of fracture it has such a form 
as that shown in diagram C. It will be readily understood that 
the form of the constriction will be practically the same whatever 
be the length of the specimen as indicated by diagrams C and D, 
and therefore the local extension accompanying this reduction in 
the region of fracture will depend upon the diameter and not on 
the length, that is, it will be the same in amount for all specimens 
of a certain diameter whatever be their lengths. The local exten- 
sion will therefore be a large percentage of the original length in 
the case of specimens which are short in proportion to their 
diameters, and a small percentage of the length in the case of 
specimens that are long in proportion to their diameters, The 
total extension, when fracture takes place, is, therefore, a larger 
percentage in the case of short stout specimens than in the case 
of long shaped ones of the same quality of material. But the 
forms assumed by similar specimens are the same whatever their 
magnitudes, if the quality of material is the same, and there- 
fore such specimens will give the same percentage elongation. 
The length of a test specimen should, therefore, bear a constant 
ratio to the diameter (or breadth and thickness) if comparable 
results are to be obtained. Engineers usually specify that the 
steel to be used for a particular work must give a percentage 
elongation of, say, ** 28 per cent, on a length of 10 inches." That is 
not a specification of a particular quality of material. If the steel 
maker chooses to take a specimen of large enough transverse 
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dimensions, he will get 28 per cent, extension from very inferior 
steel. The proportions of the specimen, not the length, should be 
specified. No doubt it is more convenient — and cheaper — ^to 
prepare plate specimens all of one length, irrespective of their 
thicknesses, since a number of specimens of different thicknesses 
can then be machined together; but engineers should under- 
stand that they are leaving the steel maker a very great latitude, 
as regards the quality of material he supplies, when they specify 
the tests in the usual way. It is to be hoped that engineers in 
this country will come to agree upon standard proportions for 
tests specimens. In America, sometimes at least, specifications 
now give the proportions, as for example, when the extension is 
specified for a specimen " ten diameters in length." 

Another important case is that of bending tests of thick and thin 
plate and bar specimens. This case was referred to in Professes 
Thomson's paper. We see at once, from the general principle, 
that thick and thin specimens will be alike severely stressed 
when bent to curves having radii proportional to their thicknesses. 
It would seem to be by no means generally understood that a 
thick plate will be just as capable of enduring a doubling over, 
cold, as a thin plate of the same quality of material, — if the 
doubling be performed in a similar manner. 

Influence of Weight of Structures, — Two similar objects have 
weights proportional to the cubes of their linear dimensions, 
whereas, the stresses which they are capable of bearing at 
corresponding parts increase as the squares of their linear 
dimensions. We have then the principle that: — The weights 
of similar structures therefore increase, with increase of dimen- 
sions, in a higher ratio than the loads which the structures 
are alike suitable to bear. Take, for example, two similar 
square pillars carrying similar cubical masses, as illustrated in 
Fig. 4. Let all the linear dimensions of the second be double 
that of the corresponding linear dimensions of the first. Then 
whereas the larger pillar has four times the cross-sectional area 
of the smaller one, the larger cube is huilt up of eight of 
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the smaller cubes. If, then, the smaller structure is just suitable 
to bear its own weight the larger one will have only half the 
suitable strength of pillar. It will be observed that if the larger 
structure be drawn on a scale of ^-inch to the foot, and the 
smaller on a scale of 1 inch to the foot, the two drawings will 
be identical. If, then, the draughtsman has had experience in 
designing such structures of the smaller size, it will be evident 
that his eye, or his sense of suitable proportions, will hardly be 
a good guide to him in designing the larger one. It will be seen, 
then, that the larger a structure is made the less suitable is it to 
bear its own weight ; and with a change in general dimensions we 
must make a change in the design (or in the materials) when the 
weight of the structure itself is important. The simple process 
of changing the scale which we saw was suitable in passing from 
a small boiler to a large one, under the conditions of loading 
assumed, will not do in this case. The smaller a structure is made 
the more slender it may be in its proportions so far as suitability to 
bear its own weight is concerned. A few illustrations from nature 
may be interesting and instructive. Look at a picture of a spider, 
Fig. 5. The body of the Phocus Phalarigioides is an J-inch in 
diameter, and the legs are 2 inches or more in length — ^and very 
crooked at that. Then look at a picture of an elephant, Fig. 6. 
The body measures 8 to 10 feet in length and say 5 feet in 
diameter. Imagine an elephant weighing 6 tons, and having 
crooked legs 80 to 90 feet long and 6 inches diameter I Then 
again, a spider, or even a lot of spiders and flies, can walk 
about on a web 15 inches diameter and constructed of fibres 
about Y^u - i^ch in diameter, in meshes say /^ - inch wide. 
Imagine long legged elephaj^ts on a web, 600 to 700 feet 
in diameter, made in meshes 30 feet wide and of cords |-inch in 
diameter! You wiU notice that Nature not only makes the 
elephant's legs proportionally very much larger in diameter than 
the spider's, but, moreover, makes them as nearly straight and 
vertical as possible, while the spider's are crooked and by no 
means vertically under its body. We have both a change of 
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geoeral design and a change of proportions. Look again at the 
skeleton of a cat. Fig. 7, and the skeleton of a.n elephant, Fig.^8, 



Fig. 8. 
and you will see how Nature, for functional reaBons, takes liberties 
in the design of small creatures in respect to the bearing of 



Fig. 9. 
their own weights, whereas, in the case of large creatures the 
design is that beat auited to support the load. An animal having 
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a body two or three times the linear dimensions of an elephant's 
would require legs nearly filling up the whole space under its 
body. Look again at the proportions of diameter of legs to the 
diameter of body in such a series of birds as the skylark, Fig. 9, 
the ostrich, Fig. 10, the moa, Fig. 11. (The latter extinct bird 
stood some 10 feet 6 inches in height, and had legs about 5 feet 
long. Notice the great diameter of the leg bones.) 

There is then an absolute limit to the dimensions which a 
structure of given materials and given form can have. Thus, 
a parallel rod of iron 3,300 feet in length will, if hung up 
vertically, be subject to a tension of 5 tons per square inch at its 
upper end. A rod about three miles in length (in its unstressed 
condition) would just break by its own weight if the iron had a 
tensile strength of 23J tons per square inch and a density of 480 
lbs. per cubic foot. It is interesting to note that a rod of aluminium 
which would just break by its own weight would be of about 
the same length. This length, which is sometimes called the 
"length modulus of rupture" for the material, is independent of 
the transverse dimensions of the rod. So, again, a parallel column 
of stone can only be built to a certain height depending upon the 
relation between the density and the crushing strength of the 
material. A pyramid or cone could obviously be built to three 
times the limiting height of a parallel column, and the height is 
independent of the angle of slope, assuming the stress at the base 
to be uniformly distributed. Thus the three structures represented 
in Fig. 12 would be equally severely stressed at their bases if bmlt 
of the same material. The column which would have equal in- 
tensity of stress at every cross section, due to its own weight, 
would have the form shown in Fig. 13, assuming it to have a 
uniform density and to be of square, circular, or other constant 
form, at all sections. The profile is a logarithmic curve and the 
height infinite. If such a column were to be built of granite, 
weighing ^^ - ton per cubic foot, and were to be everywhere 
subject to a stress of 80 tons per square foot, we find that the 
diameter of the column would be 4,480 feet at the section at which 
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the profile has a slope of 45 degrees. The same figure inverted 
will represent the profile of a hanging rod that will have equal 
intensity of stress oyer all sections. 

Fig. 14 represents a railway water-tank and its supporting 
column. Suppose a tank of double the linear dimensions were 
required. If the column were made of the same proportions 
-externally as the original one, it would require to have fuUy four 
times the thickness of metal — that is, it would have to be fully 
twice as thick in proportion to its diameter. This is illustrated by 
Fig. 15, which is the larger tank drawn to half the scale of 
Pig. 14. Make the structure large enough, and the column 
would require to be solid ; larger still, and a sohd column of the 
same external proportions would be crushed. 

Again the same proportions will not do for the tanks themselves. 
Similar tanks are not alike suitable to bear the water that will fill 
them, because the pressures per square inch in the larger tank 
will be greater than those at corresponding parts of the smaller 
tank, on account of their greater depths below the water surfaces. 
But similar tanks would have weights proportional to the cubes of 
the linear dimensions, and would hold quantities of water propor- 
tional to the cubes. Hence the weights of metal in large tanks of 
given proportions (say cubical tanks) must be greater, per gaUon 
of water carried, than those of smaller tanks of the same form. 
Hence small tanks are more economical of material than large ones. 
Ships floating in still water are practically tanks turned outside in. 
We see then that (neglecting all other considerations) to make 
1000 tons of steel support the greatest weight of cargo in still 
water, we must make it into a large number of very small boats. 
Or, again, small boats of like proportions to large ones may 
be made of weaker materials. 

Calculating the stresses in a beam by the usual formula, we 
find that in a solid rectangular beam of uniform section, sup* 
ported at its ends, the maximum push and pull, due to the weight 
of the beam itself, are given by the formula : — 
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where/ is the unital stress (stress per unit area), w the weight per 
unit volume, L the length, and H the depth, — corresponding units 
being used throughout. The formula may be written : — 

T 4/H B. 3w T 
3 V) Li L 4/ 

Thus if /= 4000 lbs. per square inch, and v) = 0*26 lb, per 
cubic inch, we find the maximum length for a beam 1 inch in 
depth to be 143 inches, or say, 12 feet. If we take L equal to the 
span of the Forth bridge, viz., 1,700 feet, or 20,400 inches we find 
that the ratio of depth to length would be nearly unity. That is, 
a solid cast-iron beam of rectangular section, and of 1,700 feet 
span, would require to have a depth of 1,700 feet in order that the 
pull stress, due to the weight of the beam itself, should not exceed 
4,000 lbs. per square inch. In other words, the beam would be a 
square plate set up edgewise. Assuming the ordinary formula to 
hold good, no increase or diminution of the breadth affects the 
result. 

In no case, however, have we to do with structures which 
have to bear only their own weights. In railway bridges 
we have to consider the weight of the structure itself, and also 
the weight of the heaviest load that may come on the rails. 
A peculiarity of the case is that, on a given line, the load to 
be carried on all the bridges is approximately constant per foot 
run. Now similar beams are capable of bearing loads of the 
same intensity over their upper surfaces, that is, loads per 
foot run increasing in proportion to the linear dimensions. 
When, then, the structure is small, so that its own weight is 
unimportant as compared with the load it can carry, the transverse 
dimensions of the girders do not require to be increased so rapidly 
as in proportion to the span. With increase of span, however, 
the weight of the structure becomes more and more important. 
Accordingly we find cast iron girders suitable for small spans ; for 
larger spans cast iron girders would be too heavy and plate 
girders are used ; then lattice girders ; and so on to the largest 
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spans where suspension or cantilever bridges alone are possible 
with such materials as are at present available. Notice that in 
suspension and cantilever bridges the greatest weight of structure 
per foot of span occurs at the piers where it produces least effect, 
whereas, in simple girder bridges the weight is mostly concentrated 
at the centre of the span where it produces the greatest effect. 
But even with this very favourable element in the scheme, the 
Forth Bridge had to be designed almost entirely to bear its own 
weight and wind pressure. Had the bridge been designed as a 
monument or an ornament, and not to carry any railway tracks 
— assuming the same general outlines — it would have had to be 
almost as strong as it is for the same security. 

It may be interesting in this connection to compare the spans 
and depths of girders in the Britannia and Forth Bridges. The 
proportions are : — 

Britannia Bridge — Greatest depth of girder 30 feet, span 460 

feet, ratio 1 to 15-3. 
Forth Bridge — Greatest depth of girder 350 feet, span 1710 

feet, ratio 1 to 4-9. 

The span of the Forth Bridge is thus 3*7 times the span of the 
Britannia Bridge, but the depth of girder (the double cantilevers 
are girders supported at their centres) is 11*4 times as great. 

It should be understood that though the ratio of depth to span 
is here almost exactly in proportion to the spans as given by the 
formula on p. 339, there is no direct connection between the two 
cases, except that both are illustrations of the general principle 
that like proportions will not suit for large and small spans. 

Fig. 16 shows half spans of the two bridges on the same scale. 
In the same figure the Britannia Bridge girder is also shown 
magnified to have the same span as the Forth Bridge for com- 
parison with it as to proportions. 

We are given to understand that Gulliver found the Lilliputians 
wonderful mechanics. They might well be, at least in respect to 
the comparative magnitude of the works they could execute- 
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It would be an easy task for a Lilliputian engineer to erect a 
Lilliputian Forth Bridge. The Brobdingnagians must have had 
about as much as they could do to support themselves. 

Stability of Structures. — We haye seen that two similar struc- 
tures are, in respect to strength, alike suitable to bear the same 
intensity of pressure over corresponding areas; in that respect 
the actual dimensions of a structure are immaterial. Again, we 
have seen that so far as strengths to bear their own weights are 
concerned, small structures have an advantage over large ones. 
On the other hand, we shall find that in stability to resist 
overturning by a given intensity of distributed pressure, large 
structures have an advantage over the small ones. In Fig. 17 
two similar obelisks are represented, one double of the dimensions 
of the other. The weight of the larger column is eight times 
that of the smaller ; and — assuming that the edge does not crush 

. when the obelisk is tilted — the arm at which the weight acts 
against overturning is double of the arm in the smaller structure. 
The moment of stability is therefore sixteen times as great — that 
is, the moments of stability of similar structures vary as the 
fourth powers of their linear dimensions. But the larger struc- 
ture exposes to the wind four times the area that the smaller one 
presents, and the centre of pressure is twice as high. Hence for 
a given wind pressure the overturning moment is eight times as 
great, while, as we have seen, the moment of stabiHty is sixteen 
times as great. The larger structure will therefore be able to 
resist a wind pressure twice as great as that which the smaller 
can withstand; or in general: — Simi lar structures are ca pable, 
as regards stabihty, of withstanding wind pressures — or other 
distributed forces — similarly applied and of intensities proportional 
to their linear dimensions. This principle is appUcable to all 
cases of structures depending for their stabilities upon their own 
weights. It will no doubt bring up, in the minds of most of us, 
the recollection of futile attempts to ballast model yachts so that 

. they would sit to even a mild breath of wind, and many of us will 
also remember our wonder that we could not imitate the practice 
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of the shipbuilder. We see that a model one foot long, similar in 
every respect to a ship 100 feet long, will heel over in a breath of 
wind to the same angle as the ship would have in a breeze or 
gale of 100 times the strength. 

It follows, from the principle enunciated, that structures having 
similar exterior shapes need only have weights varying as the 
squares of their linear dimensions in order that they may be alike 
capable of withstanding the same wind pressure — always assuming 
that the material is nowhere crushed. We arrive, therefore, at the 
rather remarkable result that chimneys built of the same material, 
and having similar external forms, would, if they behaved as rigid 
bodies, require to be all of the same thickness, irrespective of their 
other dimensions, in order to be alike suitable to resist a given 
wind pressure. (Not exactly so, since the volume of the brick- 
work is not quite equal to the external surface multiplied by the 
thickness. The larger chimney would, on the assimiption made, 
require a less thickness of wall than the smaller one). Accord- 
ingly, we find that chimneys of, say, 25 feet, 100 feet, and 435 
feet in height, have such proportions as are shown in Fig. 18; — 
the last diagram is a section of St. Rollox chimney.* Of course, 
stability of the chimney as a whole, considered as a rigid body, is 
not the only condition to be attended to in the design, and con- 
sequently the most suitable proportions in practice are not quite 
those deduced from the principle at present under consideration. 

We have another remarkable result. Similar obelisks can 
withstand the same wind pressure if they stand on bases of the 
sam^e size. Cleopatra's Needle — of which the Institution pos- 
sesses a beautiful model in bronze — has a height of 67 feet, and 
weighs about 200 tons. Near the base the breadth on the wider 
faces is about 8 feet, but it is reduced at the base to about 5 feet 
in diameter, as shown in the middle diagram of Fig. 19. If no 
crushing took place, a wind pressure of about 85 lbs. per square 
foot would be required to overturn it. Now, an obelisk of twice 
the linear dimensions of the needle, and one of half the dimensions, 

*See Rankine'8 Applied Mechanics— Appendix. 
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would require the same breadth of base to make them alike snitable 
to bear the same wind pressure, Fig. 19. 

It may be of interest to note that an obelisk, built of blocks, 
which would have equal stability at all its sections, would have 
a profile of parabolic form as shown in Fig. 20, — supposing no 
crushing or shding to take place at any section. Contrast this 
with the obelisk having uniform stress at all sections, in virtue of 
its own weight, which is shown in Fig. 13. For obelisks circular 
in plan, the proportions are given by the formula — 

where H is the height from the section in question to the 
summit, E the radius of that section, w the weight per unit 
volume, and p the pressure per unit area ; — assuming that the 
pressure acts as it would on a flat surface of the dimensions 
of the central vertical section. If, for example, we calculate for 
an overturning wind pressure of 150 lbs. per square foot, and 
take w as 150 lbs. per cubic foot, we would have a diameter of 
base equal to about 8 feet for a height of 50 feet. 

The animal kingdom again supplies us with interesting illustra- 
tions of the principles here discussed. Insects that have long 
legs have spreading legs, and moreover they have very commonly 
suckers or other holding on mechanisms on their feet. Large 
animals have much smaller bases in proportion to their dimen- 
sions. The spider with its spreading legs, and the elephant with 
its feet close together, afford such a contrast, Figs. 5 and 6 ; so 
also do the skylark and the ostrich. The skylark's feet extend 
over nearly the whole area under its body — the ostrich's feet are 
comparatively very small and very close together. Figs. 9 and 10. 
The skylark does not require its long claws for gripping on to 
branches, though possibly it may have inherited them from 
ancestors that did perch ; but in any case the gripping of branches 
by small birds is in itself an evidence of their want of stabihty. 

The rolling of pebbles by a stream, or by a wind, that fails 
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to roll large stones and boulders is another illustration of the 
comparative instability of small objects. 

Suspension of Bodies in Fluids, — We now pass to the con- 
sideration of some questions involving kinetic actions. Similar 
objects falling through air or water present areas proportional to 
the squares, while they have weights proportional to the cubes, 
of their linear dimensions. The weight per unit area therefore 
increases as the dimensions. Now for similar objects of other 
than very minute dimensions, the resistance to motion through air 
or water varies nearly as the area and as the square of the velocity. 
Large objects therefore attain a higher velocity in falling than 
small ones, since a higher velocity will be necessary in order 
to make the resistance equal to the weight. It follows that an 
upward current which will just support a given object will be 
insufficient to support a similar object of larger size. Hence dust 
is carried up by an air current that fails to raise stones, and a river 
entering the sea retains particles of mud in suspension for a 
longer time than it can carry grains of sand, and consequently 
the mud is taken further out to sea than the sand. This is & 
principle the consequences of which have been of far reaching 
importance in geological history. 

In making a short digression into meteorology, I would plead 
as excuse that the questions to be dealt with have a close 
bearing upon the subject we are considering, and, moreover, that 
we owe much, if not most, of our knowledge of these matters to 
engineers, such as James Thomson, Aitken, and Reynolds. 

It used to be commonly supposed that the particles forming 
a fog or a cloud consisted of small vesicles or bubbles of water, 
filled with some very light gas. This extraordinary conception 
arose from the supposed necessity of finding some explanation of 
the suspension of these particles in the air. The process of 
formation of such vessicles, and the presence in them of gas 
which was lighter than air, though subject to a very consider- 
able pressure on account of the capillary contractility of the 
envelope, were mysteries never explained. But the principle just 
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given will suffice to indicate that very small particles of water will 
fall very slowly in still air, while a very slight upward current will 
suffice to keep them from descending at all. In the case of very 
small particles, Stokes has shown that the resistance at a given 
velocity varies as the diameter of the particle, not as the area, and 
he calculates that a droplet of water ^^ op^ -inch in diameter would 
fall in still air at a rate of not more than one inch per minute. 
Aitken has shown that the globules forming a fog or cloud consist 
each of a film of water condensed upon a particle of dust. The 
core is therefore solid, not gaseous. 

The formation of raindrops is readily explained in many cases 
by the fact that, if, from any cause, some of the particles in the 
upper region of a cloud become larger than others, these 
will fall more rapidly, overtake those beneath them, and so fall 
still more rapidly, gathering up more substance as they descend 
in the manner roughly indicated in Fig 21. 

Prof. Eeynolds has explained in a similar manner the formation 
of ordinary or normal hailstones. Hailstones are not frozen rain- 
drops. Frozen drops are indeed seldom seen, but I have 
myself twice observed frozen raindrops falling. They were 
clear spheres of ice, or in some cases, if not always, apparently 
two spheres, a larger one and a smaller one stuck together. 
They were not much bigger than a pin head. Eaindrops are only 
big when they are flattened out on the pavement. Someone has 
observed raindrops on the pavement "of the size of a shilling, or 
from that to eighteenpence," but when caught on the sleeve of 
one's coat they are usually surprisingly small. Hailstones, as 
Beynolds has shown,''' are formed by a larger particle of ice 
falling through a cloud of minute ice crystals, or spheres. Fig. 22, 
and picking these up in virtue of the melting and regelation con 
sequent upon the collision, as explained by Dr. James Thomson's 
well known theory. The hailstone takes the shape of a cone with a 
convex base. Fig. 23. The conical surface is ribbed, since wher- 

* Reynolds on " The Formation of Ka Id drops, HailstoneB, and 
Snowflakes." — Glasgow Science Lectures, 1878. 
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ever there is a protuberance formed it collects particles and thns is 



Fig. 21. 

continued onwards as the hailstone grows by additio 



Fig. 22. 
Fig. 24. This form can nsaally be readily observed if hsilBtones 
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are caught OQ some soft substance as they fall. The larger the 
etone beoomes the Bwifter it will fall, as we have Been, and 



Fig. 23. 
consequently the more compact its structure becomes — liie a 
BQCwball more firmly squeezed. The conical point finit formed 



Fig. n. 
is, therefore, the least consolidated portion, and it is very liable 
to be broken off. Hence most hailstones look nearly round on 
casual observation. 
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Now, imagine two similar soaring birds with outstretched wings. 
The wings of the larger one will have, on their under side, a 
pressure greater than that on the wings of the smaller one, in 
proportion to the dimensions. The larger bird will therefore 
require stronger and heavier wings in proportion to its size, since 
similar wings would only be suitable to bear the same pressure 
per square inch. Compare the wings of an eagle and those of a 
bee as regards thickness in proportion to other dimensions. 

Again, similar heavy bodies falling at the same speed represent 
powers proportional to the cubes of their dimensions. But 
the larger bird tends to fall quicker. It will be seen then 
that similar birds would require to exert powers (horse powers) in 
greater ratio than that of the cubes of their linear dimensions 
in order to maintain themselves at a constant height in the 
atmosphere. But similar muscles would only be capable of 
exerting powers as the cubes of the linear dimensions, assuming 
the same rate of expenditure per cubic inch of muscle. Flight is 
therefore more difficult (other things being equal) for a large bird 
than for a small one ; and it will be observed that nature nevff 
made a flying creature of other than small dimensions compared 
with those of the largest land and marine animals. Large birds, 
such as the ostrich or the moa, are never able to fly. 

Powers and Weights of Similar Engines. — We have seen that 
similar cylinders, pistons, etc. — in fact, similar engines — are alike 
suitable to bear the same statical steam pressure. But the areas 
of the pistons are as the squares of the dimensions. Hence the 
powers for the same piston speed are as the squares of the dimen- 
sions. The powers would be as the cubes of the dimensions for 
the same number of revolutions per minute. The stress in a 
fly-wheel rim, due to centrifugal action, is proportional to the 
square of the velocity of the rim whatever be the diameter of the 
wheel. Hence the stresses in similar fly-wheels are of like 
intensities when the wheels revolve at numbers of revolutions 
per minute inversely as their diameters. A like rule will be seeD 
to apply to all inertia stresses in similar mechanisms. Thus, in 
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two similar engines the cross sectional areas of the piston rods 
are as the squares of the dimensions, while the weights of the 
pistons, etc., are as the cubes. To produce like severity of stress 
due to inertia, therefore, the accelerations of the masses must be 
inversely as the dimensions. Now, suppose the engines to run at 
numbers of revolutions inversely as the dimensions — i.e., at the 
same piston speed. Then the maximum speeds of the pistons will 
be the same, but the times taken to get up the speed will be in 
the ratio of the dimensions. The accelerations will, therefore, be 
inversely as the dimensions, and then, as we have seen, the 
severity of the inertia stresses will be the same in both engines. 
This result, coupled with what we have seen above regarding the 
steam pressures, leads to the important result that, mechanically, 
Similar engines (neglecting the small statical effects of their 
weights) are alike suitable to work at the same steam pressure 
and at the same piston speed — that is, at numbers of revolutions 
per minute inversely as their dimensions. The powers will then 
be as the squares, w^hereas the weights will be as the cubes of the 
linear dimensions. 

In other words the maximum powers of similar engines 
per ton of weight will vary inversely as the linear dimensions, 
or inversely as the square roots of the powers. We have, 
therefore, the important result that we can get a greater 
horse-power from 100 tons of metal by making it into a number 
of small steam engines than into one large one. I do not know 
whether the bearing of this upon the use of twin or triple screws 
is usually realised, but it is well known that the maximum power 
per ton of small engines is greater than that of large ones for the 
same steam pressure and the same piston speed. 

In a paper just read before the Institution of Civil Engineers,*^ 
Sir John Durston and Mr H. J. Oram gave some most interesting 
details regarding the performances of engines in different types 

* Minutes of Proceedings of the Institution of Civil Engineers, Volume 
CXXXVIL, 7th March, 1899. 
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of war vessels. The results are not strictly comparable, since the 
engines of the large and small vessels are not of the same design, and 
the steam pressures and piston speeds are somewhat different ; stOl 
a rough comparison or contrast may be made. The four-cylinder 
triple-expansions engines of the first-class cruiser Powerfvl^ workxDg 
at a steam pressure of 207 lbs. per square inch, and a piston speed 
•of 905 feet per minute, developed 25,900 horse-power. This works 
out to be 11-58 horse-power per ton of machinery. The four- 
•cylinder triple-expansion engines of the torpedo-boat destroys 
Angler^ working at a steam pressure of 210 lbs. per square inch, 
and a piston speed of 1,187-4 feet per minute, developed 5,971*5 
horse-power, which works out at about 45*9 horse-power per ton 
of machinery. These small engines, if working against a resistance 
that would bring them to the same piston speed as the engines of 
the great cruiser would develop about 4,600 horse-power, — ^assum- 
ing the distribution of steam to remain the same, — or, say, 35-1 
horse-power per ton. Comparing the two engines on this basis, 
we have the ratio of the horse-powers per ton as 1 to 3 05, and the 
inverse ratio of the square roots of the horse-powers as 1 to 2*37. 
The agreement is as close as we could expect, considering what 
may be included in calculations which are based on the weight 
of the ** machinery complete," and that the engines are not 
quite similar in proportions. It will be observed that the power 
per ton developed by the smaller engines is even greater in 
comparison with the power of the larger ones than our formula 
would lead us to expect. This may be partly due to a less 
■economical distribution of the steam, and partly to a smaller 
margin of safety in the smaller engines, and partly to the fact 
that the smaller engines are designed for a higher piston speed, 
which would mean that they will be of lighter construction and 
of superior materials. 

We see also that the same rule would apply to similar boilers, 
though of course large and small boilers are not usually made 
even approximately similar in design. The grate area and heating 
surface would increase as the square of the linear dimensions, 
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whereas, the weight of boiler and of the contained water would 
increase as the cube. The bearing of this upon the question of 
haying a large number of small boilers in a ship instead of a 
small number of large ones, is very important. 

Now apply these results, and those above deduced with respect 
to bodies falling in air, to the flying machine problem. It follows 
from what was said above, that the weights of the asroplanes or 
other supporting parts of flying machines would require to increase 
more rapidly than the cubes of the linear dimensions (assuming 
that the smaller has the thinnest planes, etc., that will do), 
and that the power required to support even similar machines in 
the air would increase in larger ratio than the cubes of the 
dimensions. But the maximum powers of similar boilers and 
engines would only be as the squares of the dimensions. Hence 
we see that, as with nature, it is easy to make a small flying 
machine, but exceedingly difficult to make a large one. When we 
hear that someone has made a successful flying machine, we should 
enquire into its scale. Success with a model by no means indicates 
a similar success with a full sized apparatus. Mr Maxim seems to 
be the only one who has sufficiently realised this aspect of the 
problem, and has demonstrated experimentally how a flying 
machine of what we may call full size may be constructed. 



Disctission. 

The discussion of this paper took place on 25th April, 1899. 

Professor W. H. Watkinson (Member) considered this one of 
the most valuable papers that had been read before the Institution 
It was full of suggestions, and every time one referred to it he 
would be sure to find some idea which would be of use to him in 
connection with his every day work. He felt that they were 
greatly indebted to Professor Barr for bringing it before the Insti- 
tution. 

Mr Robert T. Napikr (Member) observed that without in any way 
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Mr Robert T. Napier. 

questioning the truths laid down by Professor Barr in his able paper, 
he would draw attention to the narrowness of the limits within 
which the conclusions arrived at applied in the matter of the relation 
of the weight of marine engines to the power indicated. In com- 
paring one engine with another it was essential to do this, taking, 
speeds that could be maintained continuously, and the practical limits 
to such speeds lay not in the piston's traversing so many feet in a 
given time, but in so many reversals of motion taking place in such 
time, i,e.t in so many revolutions. The engines of Atlantic racers 
ran from 70 to 80 revolutions per minute, and those of tramp 
steamers — indicating not a tenth of the power — ran but little 
faster ; and this, taken along with the limits to thickness in the 
castings, referred to by the author, practically disposed of any 
important reduction in weight per i.h.p. that might otherwise be 
looked for in the case of small engines. The comparison between 
the engines of the Powerful and those of the torpedo-boat 
Angler really were not between similar engines, as, apart from 
the heavy item of auxiliary machinery — ^largely absent from the 
smaller vessel — her engines were necessarily designed on the basis 
that lightness must take precedence of durability. Even were the 
compai'ison admitted, the apparent reduction in weight per I.H.P. 
would be found mainly due to the abnormal number of revolutions 
run. Taking Sir John Durston's figures as quoted, were the 
smaller engines run at the same number of revolutions as the larger 
engines — ^the mean pressures assumed unaltered — the i.H.P. per ton 
weight of machinery would be reduced to about 13. 

Mr J. H. Macalpine (Member) said perhaps the principal lesson 
which the paper taught was that, very much could be done in 
designing without using the comparatively complex formula) which 
were required if calculations were made from physical constants, 
and that was a very useful lesson, especially to young designers. 
There was one point in the paper of which he wished to speak 
particularly. In reading the reference to Prof. Osborne Beynolds' 
theory of the formation of hailstones, he was reminded of a 
correspondence which he had with Prof. Reynolds on that subject 
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in 1661. He had the good fortune to make obaervations of soniQ 
very curious haiUtones which vent to confirm the theory, and he 
had debated with himself whether he wonld bring forward that 
correapondence at this time. But as the theory involved a principle 
w^hicb was very important in Nature, any confirmation of it was, 
perhaps, not altogether out of place. He also mentioned the 
correspondence because Prof. Reynolds considered that the observa- 
tion was one worthy of publication. He thought that Professor 
Beynolds intended to publish i^ and evidently Prof. Reynolds 
understood that be was going to do so; so that the observation 
referred to had not been made public before. He would — in order 



Fig. 25. 
to be intelligible in what followed — briefly recapitulate the outline 
of Prof. Reynolds' theory : — To produce hailstoaes there must be an 
atmosphere charged with particles of ice, some of which woald 
be larger and some smaller than others. The larger particles 
would fall more quickly, as they would experience a propor- 
tionately smaller resistance from the ur. They would overtake 
the smaller particles and unite by regelation with them. Thus a 
hailstone conical in shape, with a somewhat convex base, gradually 
grew; the accretions being made to the base, which was directed 
downward. The hailstones he observed fell on an afternoon during 
which there had been a thunderstorm, and a complex state of the 
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atmosphere existed ; that was to say, the atmosphere, as he voald 
show, was evidently made up of strata of air at different tempera- 
tures alternately above and below, or at the freezing temperature. 
The consequence was that the hailstones were stratified, being 
composed of alternate layers of white snowy ice and perfecdr 
clear ice. The strata were all parallel to the base, Fig. 25. The 
proportions of the hailstone. Fig. 25, had been copied exactly from 
an illustration given in Prof. Reynolds' lecture. Bat, had he 
drawn the outline from memory, he would have shown the base 
with a much less, though clearly marked, convexity. 

The correspondence referred to is subjoined herewith : — 

Correspondence^ 

Glasgow, July 12th, 1884. 
Dear Sir, 

Having become acquainted with your theory of the usual formation 
of hailstones, through your lecture delivered in Glasgow on that 
subject some years ago, I venture to send you a description of some 
very remarkable stones which fell in Glasgow on Friday, July 11th. 
During the day there was a considerable amount of sunshine, and in 
the afternoon a slight thunderstorm accompanied by very heavj 
rain. The rain began to fall about a quarter to four, and increase 
in intensity for about five minutes, when it was coming down in % 
perfect deluge and almost, though not quite, vertically. Then hail 
began to fall with it, not large at first but soon reaching a very 
notable size. The fall ceased about five minutes to four and the sun 
came out brightly again. During the fall I collected a large number 
of stones in my umbrella. Almost all showed the conical form vetj 
distinctly, having got little damage in being caught. They were 
made up partly of hard clear ice and partly of the usual ice, white 
from enclosed air ; the two kinds forming sharply defined strata, all 
parallel to the base of the cone. In all those examined the vertex 
was composed of white ice, after which came a variable number of 
strata, the largest counted (including the vertex) being eight. Of 
course there were some composed entirely of white, but I think none 
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entirely of clear ice. The strata varied in thickness ia the most 
arbitrary manner from being so fine tbat they had to be looked at 
closely in order to be seen, bat almost always those fine strata occur- 
red about the centre of the height of the cone. As near as could be 
judged by the eye, the divisions between the strata were accurately 
planes, not concave with respect to the vertex ; but, as you will see 
at once, it was difficult to judge of this, looking at an angle through 
the curved surface of the cone. Perhaps, if the opportunity occurred 
again, this could be better observed by carefully cleaving the stone. 
The base always presented the usual rounded form. The largest 
stone caught measured exactly three-eighths of an inch across the 
base, and all the stones were remarkable for their hardness; the 
larger ones lasting for a considerable time in the hand. I do not 
remember whether in your lecture you spoke of hailstones like the 
above having been noticed before, but I can find none recorded in 
'^ Nature" for the last few years; although there are some mentioned 
as having been made up of clear and white ice. The clear formation 
of the strata seems to me to be a very strong proof of the correctness 
of your theory. Probably the almost entire absence of wind accounts 
for the conical form and the parallelism of the strata being so strongly 
marked. It is perhaps of importance to add that I can produce 
independent testimony to all I have said above. 

I remain, yours very truly, 

(Sgd.) John H. Macalpine. 
Professor Osborne Reynolds. 



Otley Rectory, Ipswich, 28th July, 1884. 
Dear Sir, 

I thank you for your letter which has reached me here and is 

very interesting. I think nothing of the kind has been recorded 

before, although it has been difficult to avoid something of the same 

sort in making artificial stones ; but then the layers are not regular. 

I think it would be well to publish your record so as to preserve it. 

The account in your letter is perfectly clear. You speak of clear 

ice ; now it seems improbable that any ice in such close contact 
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with the snowy surface of the ordinary stone could be quite clear 

or free from air, at any rate it would be interesting to know whether 

these layers of ice were only relatively clear or were free from all 

air. Of course this would be a very difficult matter to observe. 

I remain yours very truly, 

(Sgd.) Osborne Retnolds. 
J. H. Macalpine, Esq 



Glasgow, 6th August, 1884. 
Dear Sir, 

I received your kind note of 28th July, and am sorry that I have 
been quite unable to answer it sooner. The clear layers in the 
hailstones were composed of perfectly transparent ice. If these 
layers were formed while the stone was passing through air at the 
freezing temperature it scarcely seems strange that this should be 
ao, or that the divisions of the layers should be sharp, since the air 
would almost certainly contain unfrozen water as well as ice. Thus 
the surface of the stone being kept moist the air would be allowed 
to escape. While, if the strata of air was below the freeziog 
temperature, only the hard particles would be added to the stone. 
If the difference of the layers is to be accounted for by the differ- 
ence in temperature of the portions of air which the stone 
fell thi'ough, it seems to point to a very curious state of the 
atmosphere at the time. Probably the case of most ordinaiy 
occurrence would be that in which the stones wore composed only of 
two layers. I am very willing that the account should be published. 
Perhaps it will be found that the formation is not of very uncommon 
occurrence if attention is called to it. 

I remain, yours very truly, 

(Sgd.) John H. MACALPms. 
Professor Osborne Eeynolds. 

Mr James Waddell (Member) regretted that he had not had the 
pleasure of hearing the paper read. On page 329 Professor Barr said 
*' Thus, if we double the height, double the diameter, and double 
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the thickness of a cohimn, it will be able to bear four times the 
former load.** He had not read the paper through, so that he 
might be wrong, bat he imagined that Professor Barr did not mean 
to imply that it was necessary to double the height. He had 
always understood that by shortening a column it was able to bear 
a greater load. He had considered the matter for twenty years, and 
had applied in practice what was implied in the statement quoted, 
excepting that which referred to the length of column. 

Professor Barr, in replying, said he did not think there was Tery 
much that he had to say in reply to the discussion. He thanked 
Professor Watkinson for his kind remarks. With regard to Mr 
Napier^s remarks it was quite true they only got the greater power 
per ton of weight from the smaller engines by running them at a 
greater number of revolutions ; but, he thought he had made it clear 
that in regard to stresses due to inertia it was not the number of 
revolutions per minute that they had to consider, but the piston 
speeds. Running the engines at the same piston speed they would 
get a greater power per ton from the smaller engine. He thought 
that was brought out in the paper and in the illustration he had 
given from the Admiralty practice. He could not agree with the 
statement Mr Napier made, which he understood to mean that the 
limit of speed was expressible in number of revolutions per minute 
irrespective of the dimensions of the engines. He had no doubt 
that Sir John Durston would be delighted if he could run the 
engines of the " Powerful " at the same number of revolutions per 
minute as he adopted for those of the ^^ Angler." He was quite 
aware that the results of practical working in engines were not 
strictly comparable, because no ona built a large and a small engine 
of exactly the same proportions. Neither were cast iron pipes made 
1 inch in diameter and ^-inch thick as he had assumed. That was 
only given as an illustration. He thought it was interesting, how- 
ever, to see that the experience in the navy of the maximum powers 
that had been got came out so very nearly in the same ratio as was 
obtained by the reasoning he had given in the paper. With regard 
to the question of columns, which had been referred to by Mc 
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Waddell, it was quite the case that a short column would stand a 
greater load than a long one. If they doubled the transverse 
dimension without doubling the length, the column would be able to 
bear more than four times the load. Hodgkinson, in founding 
empirical formulae upon his experiments on the streng'th of columns, 
gave expressions which were, for some cases, very nearly in accordan<» 
with the principle of similar structures, and for some cases exactly 
in accordance therewith. He was much interested in Mr Macalpine's 
remarks upon hailstones. It was a digression in the paper, but he 
Tentured to think that it would be of some interest to members. He 
was rather struck with the phenomenon which Mr Macalpine had 
referred to, that the layers in the stratified stones did not have the 
rounded form of the base. That had rather puzzled him at that 
moment, but he thought he saw a possible reason for it. The 
rounding of the base was due no doubt to the form of the stream 
lines below the base, and it was evident that the action would not 
be the same in an exceedingly rare atmosphere as it was in the 
lower and denser regions of the atmosphere. If a vacuum sur- 
rounded the particles he had no doubt the base would be flat. That 
might account for the portion of the hailstone formed in the upper 
regions of the atmosphere having less rounding of the base than 
there was in the part formed of the more dense layers below. 

Mr Macalpine — That was a matter very difficult to make 
sure of. With a hailstone in his hand he could not make sure of 
the point, but it seemed to be the case. 

Prof. Barr — He was afraid that he could not be very sure of 
the theory. He merely put it forward as a possible explanation of 
the phenomenon if it did appear. As to the different character of 
the strata, that was exceedingly interesting, and it went a long way 
to prove the truth of Professor Reynold's theory, which, however, 
required no further proof. Professor Reynolds had very successfully 
made artificial hailstones by blowing ice particles on the end of a 
match, suspended over the nozzle from which the stream was pro- 
jected. As to the cause of the differences in the material of the 
strata, it was certainly difficult to account for an atmosphere so com- 
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plex JQ its structure as to account for alternations of clear and white 
strata, but he would ask Mr Macalpine to consider whether since the 
freezing of the atmosphere had been due to electrical discharges and 
sudden expansions, it was not possible that if in the atmosphere 
there were layers of denser and less dense cloud, one part of the 
cloud would be frozen completely, and so form an opaque layer, 
while another part was only partially frozen, and so produced a 
transparent layer. 

Mr Macalpine — In the case of a complex atmosphere they 
knew that they had these stratified layers lying right over one 
another. 

Prof. Barr — If there were strata with more or less moisture in 
them, he could understand that certain conditions would be able to 
completely freeze one of these and not another. 

Mr Macalpine — Imagined that the electrical discharges 
would altogether upset the sudden changes of temperature, and 
there was one other point — it always seemed to him that the 
rounding of the base could be accounted for by a slight wavering of 
the axis of the stone. 

Professor Barr — It was shown on the stone produced arti- 
ficially which did not oscillate. 

Mr Macalpine — Thought that both actions would take place. 

Professor Barr had nothing further to say except to thank the 
gentlemen who had expressed their interest in the paper. 

The President said that this was a most interesting paper, and 
he quite concurred with every word that Professor Watkinson had 
said. He had gone back to the paper read by Professor James 
Thomson, and he found that the discussion on that paper had been 
very interesting. He proposed a very hearty vote of thanks to Pro- 
fessor Barr for his paper. 

The vote of thanks was heartily accorded. 

Mr James Gilchrist (Vice-President) said that before separating 
a very pleasant duty devolved upon him. That night a new 
President had been elected, and consequently it fell to Mr Russell 
to vacate the chair. They were all aware that Mr Russell for a 
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very long time had served the Institution in various capacities, and 
there was no member on the roll who had recorded a better attend- 
ance than Mr Bussell during the last 35 or 40 years. They had 
seen for themselves how well he had conducted the business of the 
Institution during the last two years in which he had occupied the 
presidential chair, and the least thing they could do was to render 
to him their very heartiest thanks for the trouble and care he had 
taken in the interests of the Institution generally. 

The President thanked the members very heartily for the kind 
way in which they had received the too flattering words that had 
been given utterance to. No one knew better than himself how 
imperfectly he had fulfilled the duties, but he had had great assist- 
ance from every member of the Council, and from none more so 
than the newly elected President, Mr Caird, who had been a very 
constant attender at the Council meetings since he took office, and 
he was sure that the Institution would go on prospering under Mr 
Caird's able guidance. 



THE "JAMES WATT" ANNIVERSARY DINNER. 



The Annual "James Watt" Dinner was held in the Windsor Hotel, 
St. Vincent Street^ Glasgow, on Saturday evening, 21st January, 
1898. The company numbered upwards of 280 members of the 
Institution and distinguished guests. Mr George Russell, President, 
occupied the chair, and the croupiers were Mr Robert Gaird, F.R,S.E., 
and Prof. W. H. Watkinson, Vice-Presidents. Among others present 
were — The Hon. Lord Provost Sir David Richmond; Sir A. J. 
Durston, K.C.B., R.N., Engineer-in Chief of the Navy ; Sir William 
Arrol, LL.D., M.P. ; the Very Rev. Principal Story, D.D., LL.D. ; 
Professor Archibald Barr, D.Sc. ; Col. J. E. Bingham, Sheffield; 
Colonel Denny, V.D., M.P. ; Mr Henry H. West, Liverpool ; Mr 
William Foulis ; Captain Usui, Imperial Japanese Navy ; Mr James 
Weir ; Mr W. F. Beardshaw, Sheffield ; Mr James Mollison ; and 
Mr Thomas Kennedy. 

After dinner, the loyal toasts were given from the chair and 
cordially pledged. 

Mr J. R. Richmond, in proposing the toast of " The Navy, Army, 
and Reserve Forces,'* said the Institution was deeply interested in 
the evolution of the Navy, and additional evidence had been given 
during the last few weeks of the confidence which the Naval 
Authorities had in the shipbuildera on the Clyde. Their interest, 
however, in the Nav^' did not spring from those purely sordid and 
commercial motives, but from a nobler and deeper source — ^from the 
pride which every free-born Briton felt in the maintenance and 
preservation of the empire. They believed that a progressive and 
forward naval policy was this country's best contribution to the 
maintenance of peace. In coupling the first part of the toast with 
the name of Sir John Durston, Mr Richmond remarked that vast 
strides had been made in the Navy, and to-day they found, not- 
withstanding the great demands made by the expansion of the fleet, 



362 THE '* JAMES WATT" 

Mr J. B. Biohmood. * 

that these had been met in a manner which was worthy of the 
highest admiration, and which testified to both the technical and 
the administrative ability of their distinguished guest. Not so 
many years ago the mercantile marine was the pioneei- in steam 
engineering, but now that no longer ruled. In matters of higher 
boiler pressure especially, the ships of the Navy were first, and the 
mercantile marine was content to follow. 

Sir A. J. DuRSTON, K.C.B., R.N., replying for the Navy, said 
many present had spent good years of their lives upon the sea, and 
knew intimately the conditions and circumstances of that life, and 
how much the personnel of the Navy depended on the staunchness 
of its material and its quantity and quality. He would venture to 
say, in view of the increase in the strength of the Navy concurrently 
at this time with the large increase in our mercantile marine, and 
especially of similar increases in other countries, how desirable it 
was that every one of the members of the Institution — steelmakers, 
forgemen, shipbuilders, engineers, and boilermakers — should con- 
sider and resolve that the needs of our own country shoidd have the 
first claim upon their energies and abilities. It had been well put 
that various other questions had arisen which were but as ripples on 
the surface of a great wave, but this he could say, that the intro- 
duction of higher pressures in water-tube boilers had, in our large 
ships, enabled 50 per cent more power on the same weight and 
space to be maintained continually at sea than was the case with the 
former lower pressures. From this district, in which was initiated 
the work of James Watt, the Scotch boiler, and the compound and 
triple-compound marine engine, it was no small satisfaction to 
receive words of praise, but this was much added to by the know- 
ledge that among them there were many who were advocating, by 
invention and practice, the use of higher steam pressures in water- 
tube boilers. 

Colonel D£NNY, M.P., also responded. He remarked that, while 
we were a military nation, we were probably the least warlike nation 
in the world. To be a warlike nation very often meant provocation 
and retaliation ; to be a military nation meant to have a proper 
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conception of the function of militarism, and in our case, in both 
branches of the service, that was defence, not defiance. We placed 
our confidence entirely in volunteer forces, for neither in our navy 
nor our army did anything like compulsion exist. Nothing stood 
between us and conscription but the Volunteer forces, and he 
appealed for the raw material, out of which they would make men 
fitted to defend the country when occasion arose. 

The Chairman, proposing "The Memory of James Watt," 
recalled the fact that at the dinner last year this toast was 
proposed by Lord Kelvin, their highly esteemed senior honorary 
member, who made that Watt anniversary one of exceptional im- 
portance, for then they had brought vividly in conjunction the 
beginning and the close of the nineteenth century — these two 
famous names in science— Watt and Kelvin; the first with his 
life's active work just completed as the century began, and the other 
at near its close still maintaining his long and brilliant career, which 
they all hoped might be prolonged for many years to come. It was 
sometimes asked— Is it necessary to celebrate the birth of eminent 
men 1 At least of men so very eminent as Watt, men whose fame 
had extended all over the civilised world. Poets and writers whose 
works had been translated into all languages — their memory was 
likely to endure while literature existed. Philosophers, whose very 
names were incorporated with their works and discoveries, were 
certain to be remembered in all time. But, notwithstanding these 
considerations, and many more that might be urged, it was un- 
doubtedly to the honour of mankind that great names had generally 
been held in reverence, and that monuments had been erected to 
testify to their greatness. When that night they remembered the 
life and labours of Watt, it was in the spirit of the appropriate 
words of Lord Brougham, which were inscribed on the statue of 
Watt in Westminster Abbey — 

** Not to perpetuate a oame which mast endure while the peaceful arts 
flourish, but to show that mankind have learnt to honour thoae 
who best deserve their gratitude ; the King, his ministers, and 
many of his nobles and commoners of the realm raised this monu- 
ment to James Watt, who, directing the force of an original geniuB, 
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early exercised in philoeophical researeh, to the improTement of (he 
Bteam engine, enlarge the resouroee of his coantry, increased the 
power of man, and rose to an eminent place among the illnstriou 
followers of science, and the real benefactors of the world." 

The Chsdrman after recalling the prominent incidents in Watt's 
career, remarked that — In St. Paul's Cathedral the closing words 
of the epitaph on the tomh of its great architect were— 
"Seader, if you seek his monument look around." So it might 
be truly said of Watt. Almost every part of the modem steam 
engine testified of his genius to engineers. Every counting-house 
had his memorial in the copying press. The steam vessels which 
sailed on ocean, sea, and river proclaimed to every nation the 
victory of steam power over wind and wave. The present state 
of civilisation of the world was largely due to the influence of 
his inventions, which had extended to the furthest bounds of the 
earth. His victories they met annually to celebrate in the spirit 
of the words addressed to Shakespeare by John Milton — 

*' Dear son of memory, great heir of fame, 
What need'st thou sach weak witness of thy name? 
Thou, in our wonder and astonishment. 
Hast bnilt thyself a live-long monnment, 
And so sepnlchred in such pomp dost lie. 
That kings for such a tomb would wish to die." 

The toast was pledged in silence. 

Mr Robert Caird, Vice-President, in submitting the toast " The 
University of Glasgow," said he could not rise to propose the toast 
which had been assigned to him without reverting to the last 
occasion on which it was proposed at an Annual Dinner of the 
Institution. It was then responded to by the late Principal of 
the University of Glasgow, and those of them who were then present 
would not soon forget the words, playful, inspiring, and instinct with 
a matchless eloquence, spoken by lips silent now alas ! for ever. The 
wisest and the best passed away from among them ; but the Institu- 
tions with which their lives were associated remained. Corporations 
never die. And they might fitly adopt in speaking of the Head of 
•a University the trite formula, so often quoted of a monarchy, 
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le roi est mart, vive le rot. The reply to the toast had been under- 
taken by the new Principal, and they, the members of the Institution, 
extended to him a hearty welcome on this his first appearance among 
them in that capacity. The Institution of Engineers and Shipbuilders 
in Scotland had always maintained close and intimate relations with 
the University. There had never been a time, he believed, when the 
Institution had been without some of the Professorial staff among its 
piembers; some of the most important contributions to its Transac- 
tions had emanated from the academic precincts ; its Council bad been 
strengthened and enlightened almost continuously by a succession 
of able representatives from the Senate, and its list of Presidents 
was made glorious by the name of a past Professor of Engineering in 
the University, Macquom Kankine. They had, he thought, in one 
of the earliest public utterances of the new Principal, after assuming 
the headship of the University, an earnest of his sympathy with 
their pursuits. The enormous strides made by physical and engineer- 
ing science during the last half century, had thrown upon the 
University a very onerous burden for which its resources were mani- 
festly inadequate. It was incumbent upon them of the engineering 
and shipbuilding professions to assist by every means in their power — 
by their influence with the legislature, by personal sacrifice, by 
arousing the interest of munificent benefactors — in securing for 
their University those facilities for experimental research, those 
laboratary appliances, in which, to their shame be it spoken, they 
lagged so lamentably behind their Continental neighbours. He had 
referred to the active share members of the University staff had 
taken and were taking in the work of this Institution, and he might 
be allowed to express the hope that they, as the guardians of the 
sacred torch of truth, charged to hand it on to future generations 
svith undiminished lustre, might always find, brightly burning on 
their altar, abundant means of replenishing its flame. 

Principal Story acknowledged the toast — That there should be 
an intimate and close relation between such an Institution as that 
and the University was, he said, inevitable if they reflected on 
those circumstances to which reference had already been made and 
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the connection between James Watt and the University of Glasgow. 
In the days when Adam Smith was teaching the principles of 
political economy in the University, James Watt, coerced by what 
his friend Sir William Arrol had called the trades unionism of the 
time, found himself unable to find any place in which he coiild 
pursue his experiments, and was taken under the wing of the 
University. It was there that he experimented upon the old 
engine of Newcomen ; it was there that he invented the condenser. 
That little engine of Newcomen, in the museum of the University 
of Glasgow, was one of their proudest possessions. Reference had 
been made to the means by which men of the present generation 
could show their sympathy with, and interest in, the militan^ 
defences of the country. As Colonel Denny was speaking he felt 
that he (Principal Story) might say as much for the scientiRc 
advancement of our engineering and maritime science, especially 
on the Clyde, We were far behind the position which we ought 
to occupy. There was no valley in the world that ought to take 
a place before the valley of the Clyde in all that related to the 
advancement of maritime and of engineering science, and yet much 
as they were doing they were not doing as much as they ought 
If anyone visited the precincts where Professor Barr was pursuing 
his experiments and conducting his work, he would feel how 
absolutely inadequate was the accommodation which the University 
was able to afford him. In regard to the extension of their means 
of research and of experiment — and research and experiment, they 
would remember, were the very life-blood of all advancement in 
science — that what they wanted above everything else was not the 
sentimental sympathy and the intellectual approbation of their 
friends in Glasgow and elsewhere, but some substantial evidence 
of their interest in the work which they were trying to overtake. 
Through the teaching of Adam Smith and the experiments of 
James Watt the University of Glasgow in those days was in the 
very forefront of scientific advancement of the time. If they were 
to prove themselves worthy of their forebears and predecessors in 
this great work, they must awake to the consciousness of their need 
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and do what they could to supplement tbeir deficiency. He would 
ask them to lay to heart . and consider whether it was not in the 
power of Glasgow and of the wealthy and influential men of the 
valley of the Clyde to enable the University of Glasgow to rise to 
the exigencies of the time, and to advance, holding the foremost 
place in engineering science and in scientific development. 

Mr H. H. West, Liverpool, proposed, "The City of Glasgow." 

Sir David Richmond, the Hon. the Lord Provost, briefly 
acknowledged the toast. 

Colonel J. E. Bingham, Shefl&eld, proposed " The Institution of 
Engineers and Shipbuilders in Scotland." 

Sir William Arrol, LL.D., M.P., replied — He observed that 
some years ago the Institution had been resting on its oars. 
Recently, however, it had taken a new lease of life. Their Institu- 
tion should be second to none of its kind in the world. If anybody 
was able to place an institution in that position it was the Clyde 
engineers and shipbuilders. In concluding, he mentioned that some 
time ago a professor in Germany wrote a paper on the life of James 
Watt, in which he proved that Watt was really the inventor of the 
decimal system. He (Sir William) had had some correspondence 
on the subject, and he had arranged that the correspondence which 
had already appeared in one of the Sheffield papers should be placed 
on record in the Transactions of the Institution, so that members 
might have an opportunity of referring to it. 

The correspondence referred to is subjoined herewith: — 

THE INVENTOR OP THE DECIMAL SYSTEM OP WEIGHTS 

AND MEASURES. 

Sir, — Some time ago my attention was called to a lecture given by 
Professor A. Ernst, of the Technical High School, in Stnttgart, on the 
occasion of the 37th annual meeting of the Uerman Engineers. 

The subject of the lecture was "James Watt and the Foundation of our 
Modem Steam Engineering " (an historical study). 

This interesting work of the learned professor bears evidence of the 
thorough and painstakin? manner in which the subject had been studied. 
The lecturer, to prove his statements, adduced extracts from publications 
long forgotten, and no longer obtainable in this country, at least my 
endeavours to procure them nave been fruitless. The titles of these publica- 
tions are '* Origin and Progress of the Mechanical Inventions of James 
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Watt." by James Patrick Muirhead, M.A., voL II., 1854. They w« 
repuMiflh»i in 1856, but the latter addition doea not contain like the former 
the narticnlar letters bearing upon thie enbject . .. ^ . . •. • 

^XpTthe most inteSsstW V^ of *-^ f*^l^.''.^ T*"*H '^^ 
to James \Vatt the credit of being the inventor of the decimal system «f 
^eiahto and measures, the introduction of which into this country is rt 
prewnt nnder considewtion, so that thU subject app«u8 to me of speaal 
iC^rtlnw I therefore think it may b. well to submit a translation of tta. 
SttwpOTtion of Professor Ernst's lecture : " Of paiticulM interest is the fwA, 
wWdi appears to have been completely forgotten, that Watt made the .Sirt 
mo^ in the direction of the introduction of our present uniform decimsl 
OTStem of measures and weights. In his varied wjientific work he foond it 
Te?y Soubtoome to convert the figures given by foreign men of science m 
the results of their researches used by h m for purposes of comparwon. and 
thfa led him naturally to form a plan of introducing an internaUonal system 
S onier ti^impUfy tSdious meclLiical Ubour at least forsaenUfic pnrpo.^ 
Md^t the same time to build up the new system for the easiest possible 

applica^ion^genemny. ^ Kirwan. of November, 1783, on this matter most 
clearly develops the idea to start from an unit of length, to adopt as unit of 
yS the cuSic unit fiUed with water, and to divide these by s^le from I 
tol 000 to weieh instead of measure aU liquid*, and to apply the weights 
^ iaWto thrcubicunit of water in order to be able to express by the same 
fi2Sn,^ific^Sd absolute weights. (See Watt to Kirwan, Mth November. 

^"^'•" As unU oHengtffiproposes (as Huyghens had already done in 1673) 
the se^nds-pendulum-the time f oot-or a definite refwence to this si». 
Th^we have the system of weights and measures m it was adopted by 
SatTon in 1790 bv the French National Assembly of Pans and Aich on 
c^n6rmation of the French Academy of Science was finally introducedin Uie 
warS with only one alteration that instead of the ength of the seconds- 
Mndulum which is dependent upon the geographical ^position, the metre 
WM BuHituTed as unit of length in order to have a standard that is suppbed 
bv and can bo reproduced directly in nature. , *„ j v. 

^ "Frem correspondence at that time the way can be cl«irly traced _^ 
»i.s»k *h<xu> nmnnwls irot to France ; as early as November 23rd, 1783, Watt 
^fomedlSr'D^SrF^nchman'then li^ng in EngUnd that PriesUe, 
Imd Msented to his proposals, and that he-De Luc-would oblige him- 
Watt^reatly by conferSng wiih La Phice about this matter in order to 
«!rive M near M possible*at unanimity. (See Watt to De Luc, 23nl 
November. 1783, Muirhead II., p. 182.) ., . .. ^ . . i^ >.. 

'Tfew yei^rs later, in 1786. Watt was caUed to Pans m consultabon 
with Fulton respecting the Waterworks.in Marly, and during hu sojourn 
There he had an^portunity of getting in touch personally with French 
savants of that time, and subsequent letters prove that he was also in com- 
ZnSn with Monge, whS, like La Place, was a member of the 
OomSon Appointed bVthe Academy of Science to report upon the neir 

*^''''A%S'tns^?fadvrEn1iand declined to^introduce the imiovati* 
eenerally. France extended the introduction of the new tystein of weighto 
Ind measures with the decimal division to all her branches of tnde and 



Af^perusal of the above, the faft-ol^^'ly o"**^«f5?^^^y *« »*"«!l 
of wWch authentic copies are appended-Hsannot be doubtedthat Jam« Watt 
waT the prime mover and advdcate of the deamal system, which so far as I 
know the French claim as the production of their own Renius. 

As thU erroneous impression prevails generally I think the world at 
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large ahonld know that the French are no more entitled to this honour than 
they can claim to be the inveuton of the steam engine. James Watt clearly 
conceived what was needed ; the French were smurt enough to be the first 
to appropriate it, bat it is due to the memory of James V^tt to let all the 
world know that to him belongs the credit of having originated and first 
suffgested the system which has since been adopted by nearly all commercial 
and industrial nations. 

Yours truly, 

Joseph Jonas. 
Continental Steel Works, 
Sheffield. 

The full text of the letters is as follows : — 

Mr Watt to Mr Kirwan. 
Page 179. 
No. 350. Birmingham, Nov. 14th, 1783. 

Dear Sir. — Your obliging communication of Mr Scheele's process of 
making the Prussian acid gave me great pleasure, and according to your 
desire I communicated it to our Lunar Society last Monday, who desire me 
to return you their thanks. 

Having lately been making some calculations from Messrs Lavoisier and 
De La Place's experiments and comparing them with yours, I had a great 
deal of trouble in reducing the weights and measures to speak the same 
language, and many of the German experiments become still more difficult 
from their using different weights and different divisions of them in different 
parts of that Empire. 

It is therefore a very desirable thing to have these difficulties removed, 
and to get all philosophers to use pounds divided in the same manner, and I 
flatter myself that may be accomplished if you, Dr. Priestley, and a few of 
the French experimenters will aKree to it, for the utility is so evident that 
every thinking person must immediately be convinced of it. My proposal is 
briefly this : let the philosophical pound consist of 10 oz. or 10,000 grains, 
the oance consist of 10 drachms or 1000 grains, the drachm consist of 100 
grains (or 100 grains). 

Let all elastic fluids be measured by the ounce measure of water, by 
which the valuation of different cubic inches will be avoided, and the 
common decimal tables of specific gravities will immediately give the 
weights of those elastic fluids. 

If all philosophers cannot agree on one pound or one grain let every one 
take his own pound or his own grain, it will affect nothing except doses of 
medicines which must be corrected, as is now done ; but as it would be much 
better that the identical pound was used by all, I would propose that the 
Amsterdam or Paris pound be assumed as the standard, being now the most 
universal in Europe ; it is to our avoirdupois pound as 109 is to 100. Our 
avoirdupois pound contains 7000 of our grains, and the Paris pound 7630 of 
our grains, but it contains 9376 Paris grams, so that the division into 10,000 
would very little affect the Paris grain. I prefer dividing the pound afresh 
to beginninjaf with the Paris grain, because I believe the pound is very general, 
but the grain local. 

Dr. Priestley has agreed to this proposal, and has referred it to you to fix 
upon the pound if you otherwise approve of it. I shall be happy to have 
your opinion of it as soon as convenient, and to concert with you the means 
of making it universal. 

I remain with much esteem, dear sir, 

Your obliged friend, 

James Watt. 

24 
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I have some hopes that the foot may be fixed by the pendulum and a 
measnre of water, and a poand derived from that ; but in the interim lee u$ 
at least assume a proper division, which from the nature of it must be 
intelligible as long as ctecimal arithmetic is used. 

Mr Watt to Mr De Luc. 
Page 182. 
No. 251. Birmingham, Nov. 23rd, 1783. 

* * — In making calculations from Messrs Lavoisier and De La Place*! 
memoir I have been much plagued reducing French grains to English ones, 
to compare them with some experiments of Mr Kirwan's, and, indeed, to 
compare one experiment with another, even where the weights used are the 
same gives mucn trouble from the absurd subdivisions used by all Europe, 
and also to compare cubic inches of various substances with weights is s 
perpetual source of unnecessaiy calculation ; in order to avoid which I pro- 
posed to Dr Priestley and Mr Kirwan to agree on a perpetual decimal sub- 
division of the pound thus : — 

100 grains 1 drachm. 

1000 grains 1 ounce. 

10,000 grains ...1 poond. 

All elastic fluids to be measured by the ounce or pound measui*e. 

The decimal tables of specific gravities will give the weights without 
calculations. All liquids to be weighed. Thus every philosopher may use 
the grain or pound he has most aifection for, and yet if he adopts this method 
of subdivision the results will be comparable by persons knowing nothing 
about his individual grain or pound. Mr ICirwan answers that Mr 
Whitehurst is at work on a philosophical measure from which he means to 
deduce a pound divided as above, but I say, that as it may be long before 
that comes forth let the expedient of the praper division take place in the 
meantime. Dr Priestley will immediatelv adopt it, and I will be obliged to 
you to write to Mr De La Place on the subject. In order to introduce uni* 
lormity as much as we can, we mean to subdivide the Paris pound into 
10,000 parts. * ♦ 

Mr Watt to Mr Kirwan. 
Page 183. 
No. 252. Birmingham, Nov. 26th, 1783. 

I am glad to hear that Mr Whitehurst is so far advanced with the 
universal measure, but as it may be some time before he brings it forth, sod 
I want a new set of weights, and am not willing to make bad ones, I should 
thei'efore be glad to know the outlines of his plan. If he uses a seconds- 
pendulum and divides it into 3 feet, that cubic foot of water will weigh aboat 
SO^lbs. avoirdupois, which may very properly be redivided into 80 lbs., ao<i 
would thereby occasion very little confui^ion in the article of weights. I 
think it would make too small a pound to divide it into lOOlbs., without some 
other length of pendulum be pitched upon, but it will require much cod- 
sideration to adapt it properly to all the different things such a standard is 
applicable to. I shall therefore speculate no more upon it until I hear Mr 
Whitehurst 8 proposal. 

Mr Watt to Mr Magellan. 
Page 184. 
No. 253. Birmingham, Dec. 1st, 1783. 

* * — Dr. Withering has shown me your paper on weights, which is 
general coincides with my own sentiments on that subject, on which I wish 
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Bomething was don?, as we are at present in a most confnsed state in those 
matters, and subject to perpetual errors. 



Mr Watt to Mr Magellan. 
Page 184. 
No. 254. Birmingham, Jan. Ist, 1784. 

* * —As to the philosophical weight and measure, I have thought 
very little about it. The principal thing seems to be dividing the pound, etc, 
decimally and weighing liquids instead of measuring them, and measuring 
elastic fluids by the ounce or pound measure of water. As to the precise foot 
or pound, I do not look upon it to be very matcorial, in chemistry at least. 
Either the common English foot may be adopted according to your proposal, 
which has the advantage that a cubic foot is exactly IQOO ounces, con- 
sequently the present fooi and ounce would be retained ; or a pendulum 
wmeh vibrates 100 times a minute may be adopted for the standard, which 
would make the foot 14-2 of our present inches, and the cubic foot would be 
very exactly a bushel, and wonlcl weigh 101 of the present pounds, so that the 
present pound would not be much altered. But I think that by this scheme 
the foot' would be too large, and the inconvenience of dianging all the foot 
measures and things depending on them would be much greater than 
changing all the pounds, bushels, gallons, etc. I therefore give the 
preference tor those plans which retain the foot and the ounce. 



MINUTES OF PROCEEDINGS. 

FORTY-SECOND SESSION. 



A Summer Meetinq of the Institution was held in the Catlers' 
Hall, Sheffield, on Wednesday, 15th June, 1898, at 9-45 A.M. 

The President, Council, and Members of the Institution were 
received at the Cutlers' Hall by the Lord Mayor of Sheffield 
{Alderman George Franklin), the Master Cutler (Sir Alexander 
Wilson, Bart.), and other members of the Local Reception Com- 
mittee. 

Mr George Russell, President, thereafter took the Chair. 

The Minutes of the Annual General Meeting; held on April 26th, 
1898, were read, confirmed, and signed by the President. 

Mr John Ward proposed a vote of thanks to the Lord Mayor of 
Sheffield, Lady Mayoress, Master Cutler, and the members of the 
Local Reception Committee, which was seconded by Mr James 
MOLLISON, and carried with acclamation, 

A paper on " The Problem of Combustion in Water-Tube Boilers, 
and a means of its Solution," by Mr James Weir, was read. 

A paper on '' The Transmission of Heat through Plates from Hot 
Gases to Water," by Mr George Halliday, Wh.Sc, was read. 

The discussions on these papers were begun and adjourned. 

Prof. John Oliver Arnold, of the University College, Sheffield, 
delivered a lecture on " The Internal Architecture of Metals." 

The discussion on Prof. Arnold's remarks took place, and was 
terminated. 

On the motion of the President, Prof. Arnold was awarded a 
vote of thanks for his lecture. 

The following candidates were elected : — 

AS MEMBERS: — 

Beobie, William, Engineer, c/o Riddell, 55 Garnethill Street, Glasgow. 
Coulson, W. Arthur, Electrical Engineer, 47 King Street* Mile-en4 
Glasgow. 
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Dickson, William, Managing Director, Lanarkshire Steel Company, 

Motherwell. 
Duncan, Hugh, Engineer, London Road Iron Works, Glasgow. 
Hamilton, Claud, Electrical Engineer, 247 St. Vincent Street, Glasgow. 
Macfarlane, James, Manager, Steel Works, Annieslea, Motherwell. 
Putnam, Thomas, Engineer Founder, Darlington Forge Co., Darlington. 
Ritchie, George, Manager, Steel Works, Parkhead Forge, Glasgow. 
Scott, Charles Wood, Shipbnilder, Dunarbnck, Bowling. 
Scott, James, Jnn., Shipbnilder, Strathclyde, Bowling. 
Shanks, William, Iron and Brass Founder and Sanitary Engineer, Tubal 

Works, Barrhead. 
Warde, Henry W., Electrical Engineer, 71 Waterloo Street, Glasgow. 

AS MEMBERS FROM GRADUATES* SECTION : — 
Baxter, P. M*L., Engineer, Copland Works, Grovan. 
Graham, Walter, Mechanical Engineer, Kilblain Engine Works, 

Greenock. 
Rudd, J. A., Mechanical Engineer, 30 Hope Street, Glasgow. 
Tatham, Stanley, Naval Architect, Montana, Barton Road, Branksome 

Park, Bournemouth, W. 

AS associates : — 
Dixon, William H., Electrical Engineer, 164 St. Vincent Street, Glasgow. 
Riddle, John C, Manager, 8 Gordon Street, Glasgow. 
Roberts, William Ibbotson, Representative Globe Steel Works, Sheffield, 
6 Ancaster Drive, Glasgow. 

as graduates: — 
Rodger, Anderson, Jan., Draughtsman, Glenpark, Port-Glasgow. 
Steven, David M., Apprentice Engineer, 18 Sandyford Place, Glasgow. 



The First General Meeting was held in the Hall of the Insti- 
tution, 207 Bath Street, on Tuesday, 25th October, 1898, at 8 P.M. 

Mr George Russell, President, occupied the chair. 

The Minutes of the Summer Meeting held, at Sheffield, on 
Wednesday, 15th June, 1898, were read, confirmed, and signed 
by the President. 

The Annual Report of the Council and Treasurer's Statement was 
submitted and approved. 
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The President deUvered his Inaugural Addreds. 

On the motion of Sir William Arrol, LL.D., M.P., the President 
was awarded a vote of thanks for his address. 

The Premiums awarded at the Annual General Meeting of April 
2Gtb, 1898, were presented as follows, viz. : — A Premium of Books to 
Mr Alexander Morton, for his paper on '* The Maximum Elasticitj 
and Density of. Steam" ; and a Premium of Books to Mr Nisbet 
Sinclair, for his paper on '* Notes on the Estimation of the Power 
of Steamships at Sea, and of Feed- and Circulating -Water at Sea." 

The discussion on Mr James Weir's paper " The Problem of 
€ombustion in Water-Tube Boilers, and a Means of its Solution,"" 
was resumed and concluded. 

On the motion of the President, Mr Weir was awarded a vote 
of thanks for his paper. 

The President announced that the following candidates had 
been elected, viz. : — 

AS MEJVCBERS: — 

Archibald, Henry, Steel Founder, The Parkhead Steel Fonndzy Ca, 

Glasgow. 
Purvis, J. A., B.Sc., F.RS.E., Civil Engineer, 53 York Place, Edinbargji. 
Stewart, James, Mechanical Engineer, Works Manager, L. Sterne & Ca, 

155 North Woodside Road, Glasgow. 

AS MEMBER FROM ASSOCIATES* SECTION : — 
Dixon, William H., Electrical Engineer, 164 St Vincent btreet, Glasgow. 

AS GRADUATE: — 
Boss, J. R., Draughtsman, 64 Sandyford Street, Glasgow. 



The Second General Meeting was held in the Hall of the Insti- 
tution, 207 Bath Street, on Tuesday, 22nd November, 1898, at 8 P.M. 

Mr George Eussell, President, occupied the chair. 

The Minutes of the General Meeting held on 25th October, 1898, 
were read, confirmed, and signed by the Presidents 

The discussion on Mr George Halliday's paper on '<Tbe 
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TransmiBsion of Heat through Plates from Hot Gases to Water/ 
was resumed and concluded. 

On the motion of the President, Mr Haliiday was awarded a 
vote of thanks for his paper. 

The following papers were read: — 

On "Feed-Water Filters," by Mr A, E. Shutej and 

On " Meters and Systems of Charging for Electric Energy," by 
Mr William Arnot. 

The President announced that the following candidates had 
been elected, viz. : — 

AS MEMBERS: — 

Andrews, James, Engineer, Holm Foandry, Cathcart. 
Beardmore, Joseph George, Engineer, Parkhead Forge, Glasgow. 
Bray, E. N., Electrical Engineer, 81 St. George's Road, Glasgow. 
Christie, John, Electrical Engineer, 75 Waterloo Street, Glasgow. 
Clark, George Alexander, Electrical Engineer, 182 West George Street, 

Glasgow. 
Ferguson, Wilfred H., Chief Draughtsman, 4 Thornwood Ter., Particle. 
GORRIE, James M., Engineer Draughtsman, 9 Park Drive, Whiteinch. 
Lackie, William W., Electrical Engineer, 76 Waterloo Street, Glasgow. 
Laird, Andrew, Civil and Mining Engineer, 121 West Regent St., Glasgow. 
Le Kossignol, a. E., Electrical Engineer, 88 Renfield Street, Glasgow. 
LONGBOTTOM, JouN GORDON, Lecturer on Engineering, Technical College, 

38 Bath Street, Glasgow. 
McAULAY, W., Electrical Engineer, 182 West George Street, Glasgow. 
McLaren, John Alex., Electrical Engineer, 182 West George St., Glasgow, 
Oldfield, George, Engineer, Manager, Atlas Works, Springbum. 
Patterson, James, Ironfonnder, Maryhill Iron Works, Glasgow. 
Sloan, J. Lumsden, Consulting Engineer, 112 Bath Street, Glasgow. 
Strachan, Robert, Engineer Draughtsman, 6 Osborne Place, Govan. 
Ward, J. C. A., Electrical Engineer, 76 Waterloo Street, Glasgow. 
WiLKS, Harry, Consulting Engineer, 112 Bath Street, Glasgow. 
Young, W^illiam L., Brassfounder, 33/35 Stanley Street, Kinning Park, 

Glasgow. 

AS MEMBERS FROM GRADUATES* SECTION: — 

Sharp, John, Engineer, 1 1 Windsor Terrace, Glasgow. 
Weir, William, Engineer, Holm Foondiy, Cathcart. 
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AS GRADUATES: — 

Alison, Alexander E., Engineer, 2 Springbank Road, Paisley. 

Craig, James C. M., App. Mechanical Engineer, 3 Park Grove Terrace, "^ 

Paisley Road, West, Glasgow. 
Crawford, James M., Engineer, 7 Holbom Ter.jKelvinside, N., Glasgoir. 
Cunningham, P. Nisbet, Jun., Apprentice Engineer, Easter Rennyhall 

House, Cnmbemauld Road, Glasgow. 
Davidson, Wm. J. J., App. Engineer, Castlehill, Renfrew. 
Donaldson, George, Engineer Draughtsman, 44 Gardner St, Partick. 
Duncan, James Grieve, Engineer Draughtsman, 137 Shields Rd., Glasgow. 
GiLMOUR, Alexander, Draughtsman, Barrhead. 
Graham, George, App. Engineer, 3 Park Terrace, Govan. 
Henderson, Harry Esdon, Engineer, 129 Paisley Rd. W., Glasgow. 
Holland, Henry Norman, Draughtsman, c/o Bowman, 366 New City 

Road, Glasgow. 
Houston, Percival T., Mechanical Engineer, 22 Lancaster Gate, London. 
Miller, Alexander, Draughtsman, 2 Ailsa Terrace Hillhead, Glasgow. 
Miller, James, Assistant foundry Manager, 20 lona Place, Mt. Florids, 

Glasgow. 
MuiR, Andrew A., Mechanical Engineer, 23 Randolph Gardens, Partick. 
Niven, John, Engineer, 36 Princes Square, Strath bnngo, GUsgow. 
Ranken, Francis, App. Mechanical Engineer, 2 Minard Terrace, Partick- 

hill, Partick. 
Smith, James S., Draughtsman, c/o Miss Montgomerie, 121 Kenmure Stieet, 

Pollokshields, Glasgow. 
Stevenson, George, Engineer, Hawkhead, Paisley. 
Watson, John, Mechanical } Engineer, c/o Alexander Fleming, Esq., 9 

Woodside Crescent, Glasgow. 



The Third General Meeting was held in the Hall of the Insti- 
tution, 207 Bath Street, on Tuesday, 20th December, 1898, at 8 P.M. 

Mr George Russell, President, occupied the chair. 

The Minutes of the General Meeting held on 22nd November, 
1898, were read, confirmed, and signed by the President. 

The discussions on the following papers were begun and 
adjourned : — 

On "Feed- Water Filters," by Mr A. E. Shute; and 
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On '* Meters and Systems of Charging for Electric Energy," by 
Mr William Arnot. 

Thereafter a paper was read by Professor 3. Harvard Biles on 
"M. TchebycheflF's Formula." 

The President announced that the following candidates had 
been elected, viz. : — 

AS MEMBERS: — 
BUDENBERG, CHRISTIAN FREDERICK, Engineer, 81 Whitworth Street, 

Manchester. 
Gardner, Walter, Engineer and Boilermaker, -8 Percy Street, Ibrox, 

Glasgow. 
Lewin, Harry W., Mining Engineer, 154 West Regent Street, Glasgow. 
Macalpine, John H., Marine Engineer, Rossbank, Port-Glasgow. 
Mackechnie, John, Consnlting Engineer, 842 Argyle Street, Glasgow. 
M*Laren, Thomas, Engineer and Marine Surveyor, 342 Argyle Street, 

Glasgow, 
Poole, William John, Electrical Engineer, 19 Waverley Park, Shawlands, 

Glasgow. 
Steven, John Wilson, Civil Engineer, 18 Sandyford Place, Glasgow. 

AS MEMBERS FROM GRADUATES' SECTION: — 
Frter, Tom Jefferson, Engineer, 20 and 22 Change Alley, Sheffield. 
Jackson, Harold D., Engineer Manager, 250 Byres Road, Glasgow. 
Kemp, Daniel, Engineer, 69 Prince Edward Btreet, Crossbill, Glasgow. 
Mack, James, Civil Engineer, 22 Rutland Street, Edinburgh. 

AS AN ASSOCIATE: — 
DOBBIE, W. L., Steel Merchant, 101 Waterloo Street, Glasgow 

AS GRADUATES: — 
Galbraith, Hugh, Engineer, 75 Waterloo Street, Glasgow. 
Gilmour, Andrew, Engineer Draughtsman, Kadikoi Place, Kilmarnock. 
Gruning, Henry H., App. Engineer, 6 Park Terrace, Govan. 
JUDD, Edwin H., Mechanical Engineer, 65 South Cromwell Road, Crosshill, 

Glasgow. 
Miller, James William, App. Engineer, Fairfield Company, 13 Drumoyne 

Drive, Govan. 
Rbid, Henry P., Engineer, 10 India Street, Partick. 
Steele, David J., Electrical Engineer, Davaar, Albert Drive, Pollok- 

sbieldfi. 
Weight, Thomas B., Electrical Engineer, 2 Berkeley Terrace, Glai^w. 
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Th£ Fourth General Meeting was held in the Hall of the 
tution, 207 Bath Street, on Tuesday, 24th January, 1899, at 8 p.in. 

Mr George Russell, President, occupied the chair. 

The Minutes of the General Meeting held on 20th Decembo'. 
1898, were read, confirmed, and signed by the President. 

The discussions on the following papers were resumed and 
concluded : — 

On "Feed -Water Filters," by Mr A. K Shute; and 

On " Meters and Systems of Charging for Electric Energy," by 
Mr William Arnot. 

Votes of thanks were awarded to the Authors. 

The discussion on Professor J. Harvard Biles' paper on "M. 
TchebychefiTs Formula" was begun and adjourned. 

Thereafter Mr John Thom illustrated and described some 
Examples of Four-Crank Engines and their Auxiliaries. 

The President announced that the following candidates had 
been elected, viz. : — 

as MEMBERS: — 
A AMUNDSEN, J ENS L., Shipbailder, Houston Terrace, Benfrew. 
Orosher, John, Engineer, 87 Portman Street, Kinning Park, Glasgow. 
Crosuer, William, Mechanical Engineer, 31 Great Wellington Street, 

Kinning Park, Glasgow. 
Cruickshanks, J. £., Engineer Manager, 157 Hope Street, Glasgow. 
Cumming, Wm. J. L., Engineer and Bridgebnilder, Motherwell Bridge Ca. 

Motherwell. 
Darroch, John, Shipwright and Engineer, 27 South Kinning Place. 
Dempster, James, Engineer, 7 Knowe Terrace, Pollokshields. 
Ferguson, John James, Chief Engineer, Ardendarroch, Ardnadam. 
Fleming, John, Engineer, Dellbum Works, Motherwell. 
Harvey, James, Engineer, 224 West Street. 
Kino, A. C, Engineer and Bridgebnilder, Motherwell Bridge Co., Mother^ 

well. 
Luke, W. J., Naval Architect, Clydebank Shipbuilding and Kngineering 

Co., Clydebank. 
Odagiri,Enju, Engineer, Imperial Japanese Navy, 7 BentinckSt, Glasgow. 
Orr, John K., Engineer and Bridgebnilder, Motherwell Bridge Co., 

MotherweU. 
Paul, H. S., Engineer, Levenford Works, Dumbarton. 
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Philip, William Littlejohn, Engineer Manager, 7 Sherbrooke Avenue, 

PoUokshields. 
Smith, William J., Engineer, 7 Newark Drive, PoUokshields. 

AS MEMBERS FROM GRADUATES' SECTION: — 
AiTKEN, H. Wallace, Mechanical Engineer, Netherlea, PoUokshields, 

Glasgow. 
Bishop, Alexander, CivU Engineer, 3 Germiston Street, Glasgow. 
Conner, Alexander, Mechanical Engineer, 41 Thornwood Drive, Partick. 
CouTTS, Francis, Mechanical Engineer, 25 KosUn Terrace, Aberdeen. 
Donald, B. B., Works Manager, Messrs Arrols* Bridge and Roof Building 

Co., 275 Onslow Drive, Dennistoon, Glasgow. 
DuNLOP, Wm., General Manager, N. Odero fu Alesso., Engineers and 

Shipbuilders, Sestri Ponente, Italy. 
Lester, W. R., Engineer, 11 West Regent Street, Glasgow. 
Mackenzie, James, Engineer, 8 St. Albans Road, Bootle. 
M*CoLL, Peter, Shipbuilder, 284 StewartvUle Place, Partick. 
M'Millan, John, Mechanical and Electrical Engineer, Corporation Electric 

Light Station, Dewar Place, Edinburgh. 
MoiR, Ernest W., Engineer, c/o Messrs S. Pearson & Son, 10 Victoria 

Street, Westminster, London. 

AS ASSOCIATES; — 
Gray, William, Shipowner, 65 Great Clyde Street, Glasgow. 
Macbeth, George Alexander, Shipowner, 65 Great Clyde Street, Glasgow. 

AS GRADUATES:— 
Bertram, R M., Draughtsman, 35 Crow Road, Partick. 
Davies, Percy M., Draughtsman, 36 Roslea Drive, Dennistoon, Glasgow. 
Douglas, Charles Stuart, Naval Architect, " St. Brides," 12 Dalzell 

Drive, PoUokshields. 
GiBB, John, Mechanical Draughtsman, 43 Waterside Street, Kilmarnock. 
Henderson, Charles A., Electrical Engineer, 251 St Vincent Street, 

Glasgow. 
M*HouL, John B., Engineer, 2 Windsor Terrace, Langside, Glasgow. 
White, Hedley G., Ship Draughtsman, 6 Crown Gardens, Glasgow. 



The Fifth General Meeting was held in the Hall of the Insti- 
tution, 207 Bath Street, on Tuesday, 21st February, 1899, at 8 P.M 
Mr Robert Caird, F.R.S.E., Vice-President, occupied the chair 
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The Minutes of the General Meeting held on 24th Januaiy, 1899, 
were read, confirmed, and signed by the Chairman. 

The discussion on Professor J. Harvard Biles' paper on " X 
Tchebycheff s Formula, was resumed and concluded. 

On the motion of the Chairman, Professor Biles was awarded i 
vote of thanks for his paper. 

The discussion on Mr John Thom*s paper on "Examples of 
Four-Crank Engines and their Auxiliaries" was postponed. 

Thereafter Mr C. A. Matthey read a paper on " The Mechanics 
of the Centrifugal Machine." 

The Chairman announced that the following candidates had 
been elected, viz. : — 

AS members. 

Anderson, Andrew, Mechanical Engineer, c/o Clinton, 18 Holmhead 

Street, Glasgow. 
BowDEN, George Harland, Electrical Engineer, 53 Bothwell Street, 

Glasgow. 
FUJII, Jerugors, Chief Engineer, Imperial Japanese Navy, ^8 Satherland 

Terrace, DowanhilL Glasgow. 
HORNE, George S., Consulting Engineer, 18 Berkeley Terrace, Glasgow. 
Manson, James, Locomotive Superintendent, G. & S. W. Railway, 

Kilmarnock. 
M'Farlane, Hugh, Mechanical Engineer, 499 Dnke Street, Glasgow. 
M'Lachlan, Ewen, Mechanical Engineer, 4 Abbotsford Place, Glasgow. 
RiDDELL, W. G., Engineer, 296 Renfrew Street, Glasgow. 
Selby-Bigge, D.,Electrical Engineer, 27 Mosley Street, Newcastle-on-Tyne. 
Trrano, Seiichi, Assistant Professor of Naval Architecture, Imperial 

University, Tokio, Japan; 27 Derby Street, Glasgow. 

AS MEMBERS FROM GRADUATES* SECTION. 

Peacock, Jambs, Mechanical Engineer, 6 Donne Gardens, Glasgow, West. 
Reid, James G., Naval Architect, Renfrew House, Renfrew. 

AS A GRADUATE. 

Wallace, John, Draughtsman, 224 Meadowpark Street. Glasgow. 
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The Sixth Genbral Meeting was held in the Hall of the Insti- 
tution, 207 Bath Street, on Tuesday, 2l8t March, 1899, at 8 P.M. 

Mr George Russell, President, occupied the chair. 

The Minutes of the General Meeting held on 21st February, 
1899, were read, confirmed, and signed by the President. 

The Discussion on Mr John Thom's paper on "Examples of 
Four-crank Engines and their Auxiliaries" was begun and con- 
eluded. 

On the motion of the President, Mr Thom was awarded a vote 
of thanks for his paper. 

The discussion on Mr C. A. Matthey's paper on '^ The Mechanics 
of the Centrifugal Machine " was postponed. 

The following papers were read: — 

On " The Machinery of the Clyde Trustees' No. 3 Graving Dock," 
by Mr George H. Baxter; and on *' Comparisons of Similar 
Structures and Machines," by Professor Archibald Barr, D.Sc. 

The President announced that the following candidates had 
been elected, viz. : — 

AS MEMBERS: — 

AB£ftCROMBi£, ROBERT GRAHAM, Mechanical Engineer, Broad Street Engine 
Works, Alloa. 

Balfour, Georok, Electrical Engineer, 377 Paiedey Road, West, Glasgow. 

Bowser, Charles Howard, Ironfonnder, Charles Street, St. RoUoz, 
Glasgow. 

Donald, David P., Engineer, Johnstone. 

EwKN, Peter, Manager, The Barrowfield Ironworks, Ltd., Craigielea, 
Bothwell. 

Fedden, Samuel Edgar, Electrical and Mechanical Engineer, Mnnicipal 
Baildings, Greenock. 

Hamilton, W. D., Engineer and Marine Surveyor, 116 St. Vincent Street, 
Glasgow. 

Johnstone, George, Assistant Superintendent, Messrs Mackinnon, Mac- 
kenzie, & Co., Calcutta. 

LocKYER, Norman J., Works Manager j Atlas Works, Glasgow. 

Macdonald, John, Consulting Mechanical Engineer, 146 West Regent 
Street, Glasgow. 



882 



MINUTES OF PROCEEDINGS. 



M'DowALL, H. J., Engineer, Johnstone. 

M'iNDOB, John B., Electrical Engineer, Scottish House to House Eleciricitj 

Co., Coatbridge. 
Macouat, R. B., Bolt and Kivet Manufacturer, Victoria Bolt and Hivet 

Works, Cranstonhill, Glasgow. 
Reid, Robert Shaw, Con8ulting Engineer, 161 Hope Street, Glasgow. 
ROBSON, George J., Consulting Engineer, 22 Bath Street^ Glasgow. 
Webster, James, Engineer, Chief Draughtsman, Messrs Sharp, Stewart, 

& Co., Ltd., Atlas Works, Springburn, Glasgow. 
Williamson, Alexander, Marine Superintendent, 67 Esplanade, Greenock 

TRANSFER FROM ASSOCIATES* SECTION: — 

Hunter, John, Messrs Sir William Arrol & Co., Ltd., Dalmamock Iron 
Works, Glasgow. 

AS GRADUATES: — 

Binley, William (Jun.), Asst., Draughtsman, Navy Department, U.S^. 

Box 86, Newport, News, Virginia, U.S.A. 
Brown G. J. L., Engineer, 2 Sandringham Terrace, Ayr. 



The Annual General Meeting was held in the Hall of the 
Institution, on Tuesday, 25th day of April, 1899, at 8 P.M, 

Mr George Russell^ President, occupied the Chair. 

The Minutes of the General Meeting, held on 2l8t March, 1899, 
were read, approved, and signed by the President. 

On the motion of the President, Professor W. H. Watkinson and 
Mr James Gilchrist were appointed to scrutinise the balloting 
papers. 

The scrutineei^s having retired and submitted their report, the 
President announced that Mr Robert Caird, F.R.S.E., had been 
elected President; Professor Archibald Barr, D.Sc, Vice-Presi- 
dent; and Messrs William Brardmore, A. S. Biggart, Thomas 
Kennedy, Hknry A. Mavor, and R. T. Moore, Members of 
Council for Sesssions 1899-1900 and 1900-01. 
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On the motion of the President, seconded by Mr James Gilchrist, 
Mr James M. Gale was re-elected Treasurer for the same period. 

On the motion of Mr Matthew Paul, Messrs Peter Stewart 
and W. A. Charlton were re-elected Auditors of the Annual 
Accounts. 

The following awards were made for papers read at the ordinary 
meetings during the Session 1897-98 : — 

1. A Premium of Books to Mr T. E. Murray, for his paper on 
"The Theory and Practice of Mechanical Kefrigeration." 

2. A Premium of Books to Professor E. J. Mills, D.Sc, F.RS., 
for his paper on " Photo-Surveying." 

3. A Premium of Books to Mr F. J. Rowan, for his paper on 
" Water-Tube Boilers." 

4. A Premium of Books to Mr G. Gretchin, for his paper on 
"Notes on the Belleville Boilers of the T.S.S. * Kherson/ " 

The President announced that an Excursion had been arranged 
by the Council to take place on Friday, 23rd June, and that 
circulars would shortly be issued with particulars of the arrange- 
ments. 

The discussions on the following papers were begun and concluded, 
votes of thanks being awarded the authors : — 

On "The Mechanics of the Centrifugal Machine," by Mr C. A. 
Matihey. 

On "The Machinery of the Clyde Trustees' No. 3 Graving Dock," 
by Mr George Baxter ; and 

On " Comparisons of Similar Structures and Machines," by Pro- 
fessor Archibald Barr, D.Sc. 

On the motion of Mr James Gilchrist, a vote of thanks was 
awarded the President on his retiral from the Presidential Chair. 

The President announced that the following Candidates had been 
elected ; viz. : — 

AS MEMBERS: — 

Campbell, Walter Hope, EDg;iDeer, 42 Krestchatik. Kiefi, Sonth Russia. 
Lee, Harrison Wm., Mechanical Engineer, c/o Mrs M'Intyre, 42 Hill 
Street, Gamethill, Glasgow. 
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MiNTY, WiLUAM, Mechaaieal Engineer, 15 Princes Street, PollokshieUi, 

Glasgow. 
M'Lellan, Archibald, Manager, Steel Company of Scotland, Ltd., ^ 

India Street, Glasgow. 
Strathern, Alexander G., Mechanical Engineer, Hillside, Steppe, N.B 



REPORT OF THE COUNCIL. 



Session 1897-98. 



In presenting its Annual Eeport the Council has pleasure in 
stating that the past Session has been in every way highly 
satisfactory. The addition to the roll and the attendance at 
the meetings have been greater than during any previous Session. 
The increase in membership is set forth in the following tabular 
statement : — 



Session 1896-1897. 
Honorary Members, 10 
Members, 
Associates, 
Graduates, 



7. 


Session 1897-1898. { 


Increase 


10 


... 


. . • 


9 


-1 


601 


... 


. • • 


719 


. 118 


47 


... 


... 


66 


19 


239 


... 


. < • 


274 


35 


897 


... 


... 


1068 


171 



Total, - 

The Summer Meeting held at Sheffield on June the 15th, 16th^ 
and 17th, 1898, proved an unqualified success. 

The members and their friends received a most cordial welcome^ 
and were hospitably entertained by the Lord Mayor, Master Cutler, 
and other influential citizens of Sheffield. In this connection the 
Council desires to place on record its ap{M:eciation of the services 
of the Local Eeception Committee at Sheffield, and considers that 
the best thanks of the Institution are due to the Secretary 
and members of the Arrangements Committee, for the admirable 
manner in which the proceedings were carried out. 

For some years past this Institution has had the pri%41ege of 
electing four representatives to act on the Technical Committee of 
Lloyd's Register (two engineers and two shipbuilders). Tho 

25 
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expenses in connection with which representation have been borne 
by Lloyd's Committee. 

A similar privilege has more recently been accorded this Instita- 
tion of electing four representatives to act as Technical advisen 
on the Board of Trade Consaltative Committee (two engineers and 
two shipbuilders). As yet no arrangement has been made witii 
regard to meeting the expenses in this connection. 

Mr James Weib was elected to fill the vacancy in the 
representation of this Institution on the Board of Trade Con- 
sultative Committee, caused by the resignation of Mr William 
Morison. 

Mr John Ward has, for the past Session, represented the 
Institution on the Board of Governors of the Glasgow and WesI 
of Scotland Technical College. 

Mr Jamks Mollison was elected to represent this Institution on 
the Board of Governors of the Glasgow School of Art^ in saccessioD 
to Sir Renny Watson. 

The Council is pleased to notice that more liberal advantage 
has been taken of the facilities afforded in the Library both with 
respect to the reference and circulating departments. 

The meetings held by the Graduates' Section were six in 
number, the opening meeting being devoted to an address from 
the President^ Mr James G. Beid. At those meetings the following 
papers were read and discussed : — 

"Some Practical Outlines of Ship Designing," by Mr A. J. Kay. 
"An Approximate Method of fixing Cut-off, Mean Pressuresi 

etc.," by Mr T. C. Jones. 
" Steam Ship Machinery," by Mr John Orr. 
" Resistance and Speed of Ships," by Mr Edward H. Parker, 

Secretary of the Institution. 
"The Horsfall Refuse Destructor," by Mr Joseph Paterson. 

The Silver Medal for the best paper read in this Section was 
awarded to Mr John Orr. 

The Council regrets to have to announce the loss this Institution 
has sustained by death of the following : — Honorary Member, Sir 



REPORT OF THE COUNCIL. 387 

Heniy Bessemer ; Members, Messrs David Bowan (Past PresidentX 
Archibald B. Allan, William Cowan, Frederick Coltburst Kelson, 
Hugh M'Coll, David M'Culloch, James Scott^ William Taylor, 
and William Menzies ; Graduate, Mr David Henderson. 

The Treasurer's Statement^ herewith appended, indicates that the 
total capital, including the Medal funds, amounts to J&d,990 Is 9d^, 
compared with £3,737 Hs 8|d at the close of the previous Session. 
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TREASURER'S 

INCOME AND EXPENDITURE ACCOUNT 

GENERAL 



ORDINARY INCOMK 

I. Annual Subicriptions received— 

616 Members at £1 10 £924 

61 Associates ,,100 61 

241 Graduates .. 10 120 10 



» 



£1105 10 
Less appropriated by Office Boy, 40 



11. Arrears of Subscriptions received^ 

III. Sales of Transactions^ ... 

IV. Interests and Rents-- 

Interest on Clyde Trust Mortgage 

for £300, less tax, ... ... £9 8 6 

Do. £35. proportion of Glas- 
ffow Corporation Mortgage 
for £750, less tax, ... 
Students' Institute C.E., for use 

of Library, ... ... 12 

Interest on Deposit Receipts, less 

Interest on Bank A/c, £1 10/8, 111 4 



1897-96. 



£1065 10 
33 10 
9 7 3 



22 19 10 



£1131 7 1 



1S96-97. 

£795 

45 e 

101 



[m 0] 
U 
10 8 8{ 



DSC 

18 1 

11 18 

$87 
W 8 t\ 



£1019 16 lOi 



EXTRAORDINARY INCOME. 

Surplus of Ordinary Income brought 

down ... — £46 9 

Do. from <' James Watt" Dinner, 4 r> 2 
Balance, being Deficiency 



£51 1 2 



£51 1 2 



£lt 8 4 

e 5 10 

59i U 7J 
[607 7 fi 



£607 7 t 



STATEMENT. 

FOR YEAR ENDING 30th SEPTEMBER, 1898. 
FUND. 



ORDINARY EXPENDITURE. 

I. General Esepenses — 

Secretary^ Salary, ..... £300 

Inaiitntion's proportion of net cost 

of maintenance of Buildings, 102 3} 
Interest on Medal Funds invested 

in Buildings, ... ... 21 12 

Library Books, ... ... 30 1 

Binding Periodicals and Papers, 12 18 1 
Stationery and Postages, etc., 30^ 5 
TraveUing Expenses, . . ; 
Office Expenses, ... 41 17 3 

Advertising, Insurance, etc., ... 2 8 6 
Assistance at Meetings, ... 2 6 1 
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1897-98. 


1896-97. 




£300 




198 8 11 




18 U 3 




19 16 g 




6 7 11 




i3 S 10 




12 10 




7 16 




1 17 




• . • 



II. ** Transctctions^* Exfenses^ 
Printing and Binding, 
Lithography, 
Postages, 
Reporting, .•• 
Delivery of Annual Volume, 

III. Awards^ 

Premiums for Papers, ... 



IV. 5ui7>^tM carried down, ... 



£330 17 6 
. 127 10 9 
. 51 16 lOi 
. 12 4 3 
8 17 6 



543 8 2i 



531 6 10} 
10 8 U 

46 9 



£1131 7 1 



[68S 18 i] 

260 14 9 

86 7 

56 17 10 

14 19 

6 It 6 

[403 10 i] 

16 



12 8 8^ 
£1019 16 lOi 



EXTRAORDINARY EXPENDITURE. 

Honorarium to late Secretuy, 
Balance of late Secretary's SiUary, 
Printing and Advertising re Secretary- 

BUip, .•• ... ... ... 

Arrears of Subscriptions, reduction in 
valuation written off, 



Balance, being surplus, 







£609 
37 10 










7 17 
62 


2 




51 1 


• 

2 






£51 1 


2 


£607 7 


2 
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BALANCE SHEET, AS AT 



LIABILITIES. 

I. Sundry Creditors, 

II. Subscriptions paid in adyanoe, 

III. Medal Funds^ 

Marine Engineering — 
Balance aa at 

l8t Oct, 1897, £405 1 5 
Interest received 
during year, 13 10 9 

Railway Engineering^ 
Balance as at 

l8t Oct., 1897, £304 17 10 
Interest received 

daring year, 



608 12 2 



GraducUe^^ 

Balance as at 
Ist Oct, 1897, 

Cost of medal, 
£1 7b fid ; less 
interest re- 
ceived daring 
year, ISs 4d, 



7 17 4 



£26 17 10 



312 15 2 



12 2 



26 5 8 



IV. Capital Accounts — 
General Fund^ 
Balance as at 

Ist Oct, 1897. £998 17 61 
Sarplos, 

1897-98, 51 1 2 



•1049 18 8i 



Building Fund^ 
Balance as at 
IstOct, 1897, £1912 1 

Life Members' 
Sabscriptions, 
£120; Entry 
money, £66 lOs, 
less appropriated 
l^0ffice:&>y£5. 180 10 



2092 10 1 



As at 

30th Sept, 

1898. 

£21 2 31 

29 10 



847 18 



8142 8 9} 
£4040 14 I 



As at 

30th Sept^ 
18S7. 

£481 3 4 
4 



495 1 & 



304 t7 10 



£6 27 10 
[Sg6 27 n 



998 17 H 



2928 2 
[S910 27 7| 

je4^tt 28 0| 
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30th SEPTEMBER, 1898. 



ASSETS. 

I. fferiiable Prapertu — 

Total Cost, £7094 16 3 

Of which one-half belongs to 

Institntion, ... £.3547 8 1 

Less Institution's proportion 
of Bond, ... ... 500 



IL Investment — 

Clyde Trust Mortgage, 



III. Books in Library — 
Valued at, say 



rV, Fumitttre and Fittings — 
Valued at, say 

V. Rent due hut unpaid — 

VI. Arrears of Subscriptions— ' 
Session 1897-98— 

36 Members at £1 10/, 
4 Associates at £1, 
87 Graduates at 10/, 
Entry Money, 

Pievions sessions — 

17 Members, £51 

1 Associate, 10 

22 Graduates, 17 



£54 





4 





18 10 





3 15 






£80 5 



As at 

30th Sept, 

1898. 



£3047 8 


I 


S047 8 


t 


300 





300 





500 





600 





65 10 





66 10 





• • • 




10 






£69 



Total, 
Valued at, say 



£149 5 



VII. OmA— 

In Bank, 
On Deposit Receipt, £86 3 1 
On Current Account, 7 19 5 



Less due to Secretary 



£94 2 6 
16 6 6 



50 



77 16 



£4040 14 1 



As at 

30th Sept.^ 

1897. 



60 a 



249 29 m 

£ms IS 0^ 
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REPORT OF THE LIBRARY COMMITTEE 



The additions to the Library during the year include 36 volumes 
by purchase ; 1 1 volumes and 5 pamphlets by donation ; while 62 
volumes and . 75 parts were received in exchange for the " Trans- 
actions" of the Institution. Of the periodical publications received 
in exchange, 23 are weekly, 15 monthly, and 3 quarterly. Sixty- 
eight volumes were bound during the year. 

The Library now comprises 2645 volumes. 

As the proceedings of the most important engineering societies 
are to be found in the Library of the Institution, the Committee 
begs to draw the attention of Members to the existence of this 
particular section. 



DONATIONS TO THE LIBRARY. 

Addison, W. Innes. Roll of Graduates of the University of Glasgow, 

1727-1897, with biographical notes. 4to; Glasgow, 1898. 

From Glasgow University Court. 
Armstrong, Lord. Electric Movement in Air and Water ; 3 Vols. 

1897 and 1899. 
Atlay, J. B. Trial of Lord Cochrane before Lord Ellenborough, 

1897. From Mr Edward Downs Law. 
Barr, Prof. Arch. Summary of Lecture on Comparisons of Similar 

Stmctures, Large and Small. (Transactions Inst. Junior 

Engineers, Vol. VII., Part 3.) Pamphlet; 1897. 
Fowler's "Mechanical Engineer" Pocket Book, 1899. From the 

Publishers. 
Glasgow University Calendar, 1898-99. From the University. 
Glasgow and West of Scotland Technical College Calendar, 1898-99. 

From the Governors. 



S94 AEPORT OF THE LIBIttVRY COMlflTTEE. 

Hiller, £. 6. Working of Steam Boilers : Being InstmctioDs 

respecting the Working, Treatment, and Attendance of 

Steam Boilers. Pamphlet ; 1898. From the National Boiler 

Insurance Company. 
Journal of the Iron and Steel Institute. General Index, Vols. 1-50, 

1869-96. 8vo ; London, 1898. 
Lloyd's Begister of Shipping, 2 Vols., and 1 Vol. of Rules and 

Begulations, 1898-99. From Lloyd's Committee. 
Manchester Steam-Users' Association ; Memorandum by the Chief 

Engineer; 1898. From the Author. 
Mills, n. F. Experiments upon Piezometers used in Hydraulic 

Investigations (Proceedings American Academy of Arts and 

Sciences). Pamphlet ; 1878. From the Author. 
Beport of the Naval Court of Inquiry upon the destruction of the 

U.S. Battle Ship "Maine" in Havana Harbour, Februaiy 

15th, 1898. From U.S. Government 
Beport of Committee on the Thermal Efficiency of Steam Engines, 

1898. From the Institution of Civil Engineers. 
The Steamship : An Illustrated Monthly Scientific Journal devoted to 

the interests of Shipbuilders, Marine Engineers, Electricians, 

and Shipowners. Edited by John Lockie. Vol. 9. July, 
1897— June, 1898. From the Editor. 



BOOKS ADDED TO THE LIBRARY BY PURCHASK 

Adams, H. Handbook for Mechanical Engineers; 4:th Ed., 1897. 
Attwood, E. L. Text-Book of Theoretical Naval Architecture, 1899. 
Bjorling, P. R. Construction of Pump Details ; 1892. 
Brassey's Naval Annual, 1898. 

Cole, W. H. Light Railways at Home and Abroad ; 1899. 
Colyer, F. Treatise on Modern Steam Engines and Boilers. 4to; 

1886. 
Crimp, W. S. Sewage Disposal Works: A Guide to the Con- 
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struction of Works for the Prevention of the Pollution by 
Sewage of Rivers and Estuaries ; 2nd Edition, 1894. 
Dawson, Philip. Electric Railways and Tramways; their Con- 
struction and Operation. 4to ; 1897. 
Durand, W. F. Resistance and Propulsion of Ships. New York, 
1898. 

Pitzmaurice, M. Plate-Girder Railway Bridges ; 1896. 

Foden, J. Boilermakers' and Iron Shipbuilders' Companion; 4th 
Edition, 1892. 

Hughes, G. Construction of the Modem Locomotive ; 1894. 

Hutton, W. S. Steam-Boiler Construction ; 1898. 

Johnson, F. R. Stresses on Girder and Roof Trusses. 

Knight C. The Mechanician : A Treatise on the Construction and 
Manipulation of Tools ; 5th Edition, 4to; 1897. 

Liversidge, John G. Engine-Room Practice : A Handbook for the 
Royal Navy and Merchant Marine ; 1899, 

Lockert, L. Petroleum Motor-Cars ; 1898. 

Millar, W. J. Latitude and Longitude : How to find them ; 1896. 

Mills, W. H. Railway Construction; 1898. 

Moore, £. C. S. Sanitary Engineering: A Practical Treatise on 
the Collection, Removal, and Final Disposal of Sewage, and 
Construction of Works of Drainage and Sewage ; 1898 

Naval Science : A Quarterly Magazine for promoting the Improve- 
ment of Naval Architecture, Marine Engineering, Steam 
Navigation, and Seamanship. Edited by E. J. Reed and 
Joseph Woolley. Vols. 1-4, 1872-75. 

Peake, J. Elementary Principles of Naval Architecture, chiefly as 
applied to Wooden Vessels. Reprinted from the Edition of 
1867. London, 1897. 

Perry, J. Calculus for Engineers; 2nd Edition, 1897. 

Pettigrew, W. F. Manual of Locomotive Engineering, with an 
Historical Introduction. Also with a Selection on American 
and Continental Engines, by A. F. Ravenshear ; 1899. 

Robinson, H. Hydraulic Power and Hydraulic Machinery; 2nd 
Edition, 1893. 
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Schwackhoffer, F. Fuel and Water, with special chapters on Heat 

and Steam Boilers ; Edited by W. R. Brown, 1884. 
Ser, L. Traits de Physique Industrielle Production et Utilization 

de la Ghaleur. 2 Vols., Paris, 1888-92. 

Vol. I. — Principes g6n6raux. Foyers R^cepteurs de Chalenr, 

Chemin^es, Ventilateurs, etc., Thermo-Dynamique. 

Vol. 'II. — Chaudi^res a Vapeur, Distillation, Evapoi-ation, 

Disinfection, Chauffage et Ventilation des lieux habitus. 
Sexton, A. H. Elementary Text-Book of Metallurgy ; 1895. 
Spons' Mechanics' Own Book : A Manual for Handicraftsmen and 

Amateurs; 4th Edition, 1893. 
Thearle, S. J. P. Naval Architecture ; A Treatise on Laying-Off 

and Building Wood, Iron, and Composite Ships, with 4to 

Volume of Plates. 
Thearle, S. J. P. Theoretical Naval Architecture : A Treatise on 

the Calculations involved in Naval Design. Vol. I., text. 
Yabow, Hans. Hilfsbuch fiir den Schiffbau ; Berlin, 1884. 
Yeo. J. Steam and the Marine Steam Engine ; 1894. 



The Institution Exchanges Transactions wrrn tbb 
FOLLOWING Societies, &c. : — 

American Institute of Electrical Engineers. 

American Philosophical Society. 

American Society of Civil Engineers, New York. 

American Society of Mechanical Engineers, New York. 

Association des Ing6nieurs, Gand, Belgium. 

Austrian Engineers' and Architects' Society, Vienna. 

Bristol Naturalists' Society, Bristol. 

Bureau of Steam Engineering, Navy Department, Washington. 

Canadian Institute, Toronto. 

Canadian Society of Civil Engineers, Montreal. 

Edinburgh Architectural Association. 

Engineering Association of New South Wales, Sydney. 



REPORT OF THE LIBRARY COMMITTEE, 397 

Engineering Society of the School of Political Science, Toronto. 

Engineers' and Architects' Society of Naples, Naples. 

Eranklin Institute, Philadelphia, U.S.A. 

Greological Survey of Canada, Montreal. 

Hull and District Institution of Engineers and Naval Architects, Hull» 

Institute of Marine Engineers, London. 

Institution of Civil Engineers, London. 

Institution of Civil Engineers of Ireland, Dublin. 

Institution of Junior Engineers, London. 

Institution of Mechanical Engineers, London. 

Institution of Naval Architects, London. 

Iron and Steel Institute, London. 

Liverpool Engineering Society, Liverpool. 

Liverpool Polytechnic Society, Liverpool. 

Literary and Philosophical Society of Manchester, Mancehster^ 

Lloyd's Segister of British and Foreign Shipping, London. 

Manchester Association of Engineers, Manchester. 

Master Car Builders' Association, Chicago, U.S.A. 

Midland Institute of Mining, Civil, and Mechanical Engineers,. 

Bamsley. 
Mining Institute of Scotland, Hamilton. 
North -East Coast Institution of Engineers and Shipbuilders,. 

Newcastle-on-Tyne. 
North of England Institute of Mining and Mechanical Engineers,. 

Newcastle-oji-Tyne. 
Patent Office, London. 
Philosophical Society of Glasgow. 
Royal Academy of Sciences, Lisbon. 
Royal Dublin Society, Dublin. 
Royal Scottish Society of Arts, Edinburgh. 
Royal Society of Tasmania, Hobart. 
Sanitary Institute of Great Britain, London. 
Scientific Library, U.S. Patent Office, Washington, U.S.A. 
Shipmasters' Society, London. 
Smithsonian Institution, Washington, U.S.A. 
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Soci^t^ d'Encouragement pour Flndustrie Nationale, Pans. 

Soci^M des Inginieurs Civils de France, Paris, 

Soci^t^ des Sciences Physiques et Naturelles de Bordeaux, Boideaiix. 

Soci^t^ Industrielle de Mulhouse, Mulhouse. 

Society of Arts, London. 

Society of Arts, Massachusetts Inst of Technology, Boston. 

Society of Engineers, London. 

Society of Naval Architects and Marine Engineers, Washington, U.&A 

South Wales Institute of Engineers, Swansea, 

Technical Society of the Pacific Coast, San Francisco, U.S.A. 

West of Scotland Iron and Steel Institute, Glasgow. 



C0PIB8 OF THE Transactions are forwarded to the 
FoiiLowiNG Colleges, Libraries, &c. :— 

Advocates' Library, Edinburgh. 

British Corporation for the Survey and Registry of Shipping, Olasgow. 
Cornell University, Ithaca, U.S.A. 
Dumbarton Free Public Library, Dumbarton. 
Glasgow and West of Scotland Technical College, Glasgow. 
Glasgow University, Glasgow. 
Lloyd's Office, London. 

Mercantile Marine Service Association, Liverpool. 
M*Gill University, Montreal. 
Mitchell Library, Glasgow. 
Boyal Naval College, Greenwich. 
Stevens Institute of Technology, Hoboken, U.S.A. 
Stirling's Library, Glasgow. 
Trinity College, Dublin. 
Underwriters' Rooms, Glasgow. 
Do. Liverpool. 

University College, London. 
Yorkshire College, Leeds. 
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Publications Rbcmved Pbriodically in Exchange for 
Institution Transactions: — 

American Manufacturer and Iron World. 

Cassier's Magazine. 

Colliery Guardian. 

Contract Journal 

Engineer. 

Engineering. 

Engineering Magazine. 

Engineering and Mining Journal 

Engineers' Gktzette. 

Indian Engineering. 

Industries and Iron. 

Iron and Coal Trades' Seview. 

Iron and Steel Trades' Journal. 

Journal de I'Ecole Polytechnic. 

L'Industria. 

Machinery. 

Machinery Market. 

Marine Engineer. 

Mariner. 

Mechanical World. 

Nature. 

Portfeuille Economique des Machines 

Practical Engineer. 

Kevue Industrielle. 

Shipping World. 

Stahl und Eisen. 

Steamship. 

Syren and Shipping. 

The Indian and Eastern Engineer. 

Transport. 

FRANK P. PURVIS, 

lion. Librarian and Convener* 
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The Library of the Institution is open daily (except Saturdays) 
during the Winter Session from 9.30 a.m. till 8 P.M., and on 
Meeting Nights of the Institution and Philosophical Society till 
10 P.M. ; throughout the Summer months from 9.30 A.M. till 5 p.il, 
save during July, when it is closed for the Glasgow Fair HolidajB, 
and open for the remainder of the month from 1 p.m. to 5 P.M. : 
and every Saturday from 9.30 A.M. till 2 p.m., during the Winter 
Session, and from 9.30 a.m. till 1 P.M. during the Summer months. 

Books will be lent on presentation of Membership Card to the 
Sub-Librarian. 

Members have also the privilege of consulting the Books in the 
Library of the Philosophical Society. 

The use of the Library and Reading Eoom is open to Members, 
Associates, and Graduates. 

The Portrait Album lies in the Library for the reception of 
Members* Portraits. Members are requested when forwarding 
Portraits to attach their Signatures to the bottom of Carte. 

The Library Committee are desirous of calling the attention of 
Headers to the " Recommendation Book," where entries can be made 
of titles of books suggested as suitable for addition to the Library. 

Copies of the Library Catalogue and Supplement^ price 6d; or 
separately, 3d each, may be had at the Library, or from the 
Secretary. 

A List of the Papers read and Authors' Names, from the First 
to the Thirty-Third Sessions, will be found in Vol. XXXIII. of the 
Transactions. 

As arranged by the Council, a Register Book for Graduates now 
lies in the Library for the inspection of Members, the object being to 
assist Graduates of the Institution in finding suitable appointments. 

Annual Subscriptions are due at the commencement of each 
Session ; viz. : — 

Members, £1 10s; Associates, £1; Graduates, IOs. 
Life Members, £20 ; Life Associates, £15. 

Memb^ership Application Forms can be had from the Secretary arfim 
the Librarian^ at the BoomSy 207 Bath Street, 
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The Council, being desirous of rendering the Transactions of the 
Institution as complete as possible, earnestly request the co-operation 
of Members in the preparing of Papers for reading and discussion at 
the Greneral Meetings. 

Early notice of such Papers should be sent to the Secretary, so 
that the dates of reading may be arranged. 

Copies of the reprint of Vol VII., containing a paper on " The 
Loch Katrine Water Works," by Mr J. M. Gale, C.K, may be had 
from the Secretary ; price to Members, 7s 6d. 

Members of this Institution, who may be temporarily resident in 
Edinburgh, will, on application to the Secretary of the Royal 
Scottish Society of Arts, at his office, 117 Greorge Street, be 
furnished with Billets for attending the meetings of that Society. 

The Meetings of the Royal Scottish Society of Arts are held on 
the 2nd and 4th Mondays of each month, from November till April, 
with the exception of the 4th Monday of December. 
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OBITUARY. 



Members. 

George Alexander Agnew was born at Stranraer on 23rd 
October, 1853, and received his education at his native place. 
From Stranraer he went to Dumbarton and entered the service 
of Messrs Denny & Co. as an apprentice in their engine shop, but 
not finding the work there quite congenial he went to the ship- 
building yard of Messrs William Denny & Brothers, where, after 
becoming acquainted with the practical details of ship construc- 
tion, he entered the drawing oflSce of that firm. In 1877, when 
the original firm of Messrs Eobert Napier & Sons was taken 
over by Messrs Hamilton and the late Dr. Kirk, Mr Agnew was, on 
the recommendation of the late Dr. Peter Denny, appointed their 
chief draughtsman. In 1884 he became manager of the shipbuild- 
ing yard, and when the firm was converted into a limited liability 
Company he was elected a director. During his connection as 
manager with the firm of Messrs Eobert Napier & Sons, some of the 
finest war ships and merchant vessels afloat were constructed under 
his direction. 

Mr Agnew died somewhat suddenly at Grantown-on-Spey, on 
1st August, 1899. 

He became a member of the Institution in March, 1883. 



David Auld was born at Westmuir, on the outskirts of 
Glasgow, on Slst July, 1809. At the early age of twelve years 
he was employed as an engine-tender in a quarry. After sening 
in that capacity for some time he was induced, by the late Mr 
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David Elder, to join a steamship, on board of which he gained an 
extensive sea experience. Mr Auld started in business for himself 
in 1844, after having patented apparatus for economising fuel in 
boilers ; the apparatus at that time being in great demand by steam 
users. He was probably the original inventor and maker of Steam 
Reducing- Valves, his first patent for such dating as far back as 1850. 
Subsequently he patented appliances for boiler feeding, smoke pre- 
venting, superheating, and also a self-acting damper apparatus. Mr 
Auld was particularly zealous in the discharge of his professional 
work, was of a genial and kindly nature, and was highly esteemed by 
his employees and a large circle of friends. In 1890 he had an 
apoplectic attack, after which his health failed. He died on 
25th February, 1899, in the ninetieth year of his age. 

He became a member of the Institution at its foundation in 1857» 



Edward Walton Findlay, born in Glasgow on the 25th 
November, 1848, was educated at the Collegiate Academy, Garnet- 
hill, Glasgow, and the Greenrow School at Silloth, Cumberland. 
He was trained in engineering at the works of Messrs Randolph, 
Elder & Co., Centre Street, Glasgow, having commenced his 
career there in the pattern shop on 2nd October, 1865. In 
July, 1868, he entered the drawing office of the firm, and by the 
end of the third year from that time occupied a prominent position 
on the staff. The esteem in which he was held by his employer* 
was shown in his being chosen to represent them on the occasion 
of the first voyage of s.s. "Propontis," with the new triple- 
expansion engines by Messrs John Elder & Co., and Rowan & 
Horton's water-tube boilers, for steam at 150 lbs. pressure. 

He left Messrs John Elder & Co.'s employment in December, 1875^ 
and accepted the post of manager to Messrs Lees, Anderson & Co., 
Clyde Street, Glasgow. He remained with that firm for about 
eighteen months, but not finding the work congenial, retired and 
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ibecame coafidential assistant to Mr F. J. Eowan in some consult- 
ing work and in an effort to introduce American wood-worldi^ 
machinery into Scottish workshops. 

Early in 1878 the late Mr Charles Eandolph, as a Director 
•of what is now Nobel's Explosives Co., Ltd., was instrumental 
in getting Mr Findlay appointed as engineer and principal assistant 
to Mr George M'Roberts, then the manager of the Ardecr 
Works. In that position he remained till his lamented death gs 
14th December, 1898, and to its duties the best energies of his 
life were devoted ; possessing, as he did, the entire confidence of 
Mr M'Eoberts and his successor Mr C. 0. Lundholm, as well as 
that of the Directors of the Company. On several occasions he 
was entrusted with important missions on behalf of the Company, 
in various parts of Europe, Africa, and America. These he 
successfully accomplished, and the Company also benefited by hi» 
engineering skill, which was required not only on account of the 
great expansion of the works at Stevenston, during his twenty 
years of service there, but also on account of the acquisition of 
other factories through the consolidation of the various dynamite 
interests. 

Mr Findlay was for some time President of the Fairfield Associa- 
tion, of which he was an energetic member whilst in the service 
of Messrs Randolph, Elder & Co. In addition to his Presidentiai 
addresses, he contributed a paper to the Association on ''Steam 
Indicators." He was a facile writer and frequently contributed 
Articles of general interest to the daily press. Mr Findlay had also 
considerable artistic ability, and his free-hand sketches possessed 
great clearness and completeness of detail. Few of these exist in 
a permanent form, but happily a substantial monument of Mr 
Findlay's artistic ability remains in the ornamental fountain 
designed by him, which was erected on Stevenston Links aboat 
a month before he died. In social life Mr Findlay was a universal 
favourite, and his sympathetic nature and many good qualities 
endeared him to a wide circle of friends. 

Mr Findlay joined the Institution as a Graduate on 23rd 
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December, 1873, and was transferred to the class of Members, 
on 25th November, 1884. 



Joseph Goodfellow completed an apprenticeship to Messrs. 
Bury, Curtis & Kennedy, Liverpool, in 1841, and for two years 
thereafter he was employed by Mr Forrester at the Vauxhall 
Foundry, Liverpool. At the end of 1843 he removed to Crewe, 
and for the space of twelve months worked there in the Locomotive 
Workshop, leaving at the request of Mr Buddicum to fill a situation 
at the Locomotive Works, Eouen, where he remained for three 
years. He was then engaged by Mr Robert Sinclair, the first 
locomotive superintendent of the Caledonian Railway Company, 
and started on 10th January, 1847, as foreman over the turners 
and fitters in a small workshop belonging to the Glasgow and 
Greenock Railway Company. That railway was afterwards amal- 
gamated with the Caledonian Railway in 1852. When he entered 
the service there were three small passenger engines building — 
Nos. 1, 2, and 3 — with 5 feet wheels, and cylinders of 15 inches 
diameter by 18 inches stroke, which were afterwards made coupled 
engines. The first of these was steamed in July, 1847, which 
event was celebrated by a luncheon, this being the first engine 
built by the Caledonian Railway Company. In 1851 Mr Good- 
fellow was appointed outdoor Superintendent to look after the 
engines on the Glasgow and Barrhead Railway, Glasgow and 
Hamilton section, and the Glasgow and Motherwell branch- 
At this time the terminus of the Glasgow and Barrhead Railway 
was at the top of Main Street, a very small wooden erection 
indeed. The engine shed held three engines, and the remain- 
ing shed on the Clydesdale line, built near the present one, 
only accommodated about fifteen locomotives. Three years later 
he was appointed to the district of Holytown, and also to the 
small workshops there, which formerly belonged to the Wishaw 
and Garnkirk Railway in connection with that district. In 1862 
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he was appointed works manager at St. Rollox, by the late Mr 
Benjamin Conner, and held that post during the rest of his career, 
<iown to 1897, when he retired after honourably serving the 
Caledonian Railway Company for the long period of fortj- 
eight years, 

Mr Goodfellow died at Ayr on 1st July, 1899, in his seventy- 
sixth year. 

He joined the Institution as a Member in March, 1868. 



George Graham was bom on 3rd March, 1822, at Hallbills, 
in Applegarth Parish, Dumfriesshire, a farm of which his fore- 
fathers had been tenants, it is said, for about three centuries. 
Mr Graham began practical life as an apprentice with the famous 
Robert Napier in Glasgow, and in that capacity worked at the 
engines of the first Cunarder, and on those of the first steam 
war vessels — the " Vesuvius " and " Stromboli." Although thus 
interestingly associated in his opening manhood with the earliest 
developments of steam power as applied to navigation, his 
destinies were to run, not along the great highways of the sea, 
but on those of the land. His health gave way, and he was 
compelled to quit Glasgow and recuperate in his native air. In 
1845 the real opportunity of his life came with the making of the 
survey for the Caledonian Railway. Engaged as an amateur 
assistant, he was brought into contact with Mr Joseph Locke, and 
when the bill granting powers for the construction of the line was 
ultimately passed through Parliament, he received an appointment 
on the staff of Messrs Locke & Errington, the engineers of the 
line. This was in 1845, and for two years he was not only 
Actively engaged in connection with the laying out of the Beattock 
and Carlisle line, but also in surv^eying tracts of country all over 
the South of Scotland in connection with projected branch lines. 
When the Beattock and Carlisle railway was completed, Mr Grahaio 
was on the engine of the first train, and he thus had the honour of 
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setting the first railway locomotive in Scotland on its journey. 
After the opening of this enterprise, which formed the initial track 
romid which the Caledonian Company has constructed its huge 
system, Mr Graham was engaged in staking off the Canonbie and 
other sections, joining the Caledonian Eailway as civil engineer in 
September 1847, and taking up his quarters in Glasgow. In 1853, 
on the retiral of Mr John CoUister and Mr Eobert Sinclair, he was 
appointed chief custodier of the permanent way of the Caledonian 
Company. During the long series of years that have intervened 
since that time, Mr Graham was identified with the development 
and maintenance of the physical undertaking of the Caledonian 
Eailway. He was constantly engaged in planning and laying out 
the various ramifications of the system, combining enormous energy, 
man^ellous perseverance, wonderful skill, and a positive genius for 
the mastering and marshalling of details; and during the full 
half-century of his active career in connection with the Company, 
he was responsible for the outlay of a capital sum of fully forty 
millions sterling in building up a railway system which is to-day 
one of the most important railway undertakings in the United 
Kingdom. Until 1880 the upkeep of the permanent way was his 
main duty. In that year two divisional engineers were appointed 
to superintend the maintainence, while he reserved himself for the 
new works and extension of the system, then covering 775 miles. 
To attempt an enumeration of the tasks of fifty-six active and 
successful years would be hopeless, • but it might be mentioned 
that Mr Graham bridged the Clyde no fewer than seven times, 
and ^daducts of all kinds of his designing in steel and iron and 
stone carry passengers across the country. His preferences were 
instinctively conservative, and his bias all for solid and durable 
constniction. Stone bridges were his choice when possible. He 
considered that stone was more permanent and cheaper to main- 
tain than metal, though the first cost might be more. Had the 
Caledonian routes not lain so frequently through mineral districts, 
subject to stone-bridge destroying subsidences, there would have 
been fewer metal structures on the system. 



408 GEORGE GRAHAM. 

Some weeks prior to his death he tendered his resignation, which 
was not to receive effect until 30th June, 1899. Early on the 
morning of that day he died, still chief-engineer of the Caledonian 
Railway, and with 45 miles of new railway under constniction. 

Mr Graham joined the Institution as a Member in March, 1858. 



Ohables Eandolph Habvey was bom at Grlasgow on 18th 
December, 1846, and received his education at the Glasgow High 
School His engineering career commenced in 1864, when he 
obtained employment with Messrs Eandolph, Elder & Co. About 
twelve months after the completion of his apprenticeship he entered 
the service of Messrs John Penn & Sons, Greenwich, and later 
gained additional engineering experience with Messrs J. & G. Bennie, 
London. He returned to Glasgow to superintend the erection of 
the late Mr Randolph's steam road carriage. In January, 1874, he 
joined the firm of Messrs G. & A. Harvey, Machine Tool Makers, 
Govan, and retired from business through ill-health in June, 1898. 
Mr Harvey died at Glasgow on 12th August^ 1899. 

He joined the Institution as a Graduate in February, 1874, and 
was transferred to Membership in November, 1880. 



William Laing was born at Bentend, near Falkirk, on the 
13th June, 1837. He commenced a practical training at the 
works of the Carron Iron Company, Falkirk, and left to com- 
plete his apprenticeship at the engineering shops of Messrs 
Tod & McGregor, Glasgow. After serving some years at sea he, 
about 1870, entered the service of the Carron Steamship Company 
as Superintendent engineer. He relinquished that post four yeare 
later to fill a similar position with Messrs A. Laird & Co., Glasgow. 
Eecognising his abilities that firm subsequently appointed him marine 
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superintendent of its fleet of steamers, which position he held 
until his death, which occurred on 24th May, 1899. 
Mr Laing became a member of the Institution in 1875. 



WiLLLAJt Menzies was born on 7th January, 1840, at Leith, 
where his father, Mr George Menzies, was a well-known shipbuilder. 
After serving an engineering apprenticeship with Messrs S. and H. 
Morton of Leith, he worked as journeyman with Messrs Hawthorn 
and Co. of Leith and with Messrs R and W. Hawthorn of 
Newcastle-on-Tyne. Thereafter, in the employ of the West Hartle- 
pool Steam Navigation Co., he gained some experience as a sea- 
going engineer for two years, and obtained a second-class Board 
of Trade certificate. Subsequently he was engaged for three years 
as foreman, superintending the erection of marine engines on ship- 
board for Messrs R. and W. Hawthorn ; and then for about three 
years as outside manager of their works at Forth Banks, Newcastle- 
on-Tyne. In 1870 he started in business on his own account as a 
consulting engineer and marine surveyor in Newcastle. Later he 
was associated in partnership with Mr Charles Blagburn, and 
for a shorter term with Mr J. F. Spencer, in the firm of 
Menzies & Blagburn,, which was dissolved in 1888. He then 
practically continued the business by himself, until he took into 
partnership two members of his staff, Mr Stenhouse and Mr 
Wakinshaw. Although interested in engineering matters generally, 
he was more directly concerned with marine work, in connection 
with which he attained a leading position in Newcastle. For 
nearly thirty years he was consulted by the principal Tyneside 
shipowners in the construction and supervision of their machinery ; 
and in recent years he acted to a considerable extent as surveyor 
of damage for London underwriters. He was a magistrate for the 
city of Newcastle. His death took place at his residence, Rannoch 
Lodge, Jesmond, Newcastle, on 18th August, 1898, at the age 
of fifty-eight. 

He joined the Institution as a Member in 1881. 
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James Murdoch was bom in Glasgow in 1821. At the age 
of fifteen years he left school and commenced an apprenticeship 
in the foundry of Messrs Murdoch, Aitken & Co., Glasgow, his 
father then being a partner in that firm. For some years Mr 
Murdoch was connected with the Lancefield Forge Company, Glas" 
^ow, as managing partner. In 1873 he entered into partnership 
with Mr Henry Murray of Port-Glasgow, where they together 
carried on the business of shipbuilding under the designation of 
Messrs Murdoch & Murray. He retired from active work in 
November, 1895, just three years prior to his death, which took 
place at his residence in Greenock on 11th October, 1898. 

Mr Murdoch joined the Institution as a Member at its foundation 
in 1857. 



James Tait was bom at Castlehill, Carluke, in the year 1840, 
and received his education at the Coltness School under the late 
Mr Gavin Russell. After leaving school he was apprenticed to 
Mr Jonathan Hyslop, civil and mining engineer, Wishaw. His 
apprenticeship finished he proceeded to Glasgow to study mathe- 
matics, and civil engineering under Professor Kankine at Glasgow 
University. Having taken his degree as an engineer, he returned 
to Wishaw about 1867 and started business on his own account as 
a civil and mining engineer. Some time after he was appointed 
Burgh Engineer, which post he held until his death. 

As Burgh Engineer Mr Tait played an important part in the 
development of Wishaw. He was concerned with three water 
schemes for the burgh, and he was also responsible for many of its 
sewage improvements. He will, however, be chiefly remembered for 
his work in connection with the new ** Water Scheme " for the town, 
which engrossed his attention for a considerable time. Apart from 
his connection with Wishaw, he carried on an extensive business 
as a civil and mining engineer throughout Lanarkshire and in 
Ayrshire. He surveyed numerous mineral fields, and acted as 
engineer in connection with many water schemes. These last 
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included among others, water schemes for Crofthead, Dunoon, 
Carluke, Law, Carnwath, Kirkfieldbank, and West Calder. 

Mr Tait died on the 15th January, 1899. 

He joined the Institution as a Member in October, 1879. 



John Wilson was born at Port-Glasgow on 2nd October, 1848. 
He received his early professional training in the engine shop and 
drawing office of Messrs Blackwood & Gordon, Port-Glasgow. 
Thereafter he spent six years in South America, and on his return 
to this country was engaged in the drawing office of Messrs Cunliffe 
& Dunlop, Port-Glasgow, and later as a draughtsman with Messrs 
A. & J. Inglis, Glasgow. In 1885 he started in business on his own 
account as a consulting engineer. 

Mr Wilson died on 26th July, 1898. 

He joined the Institution as a Graduate in January, 1883, and 
was transferred to Membership in Febniary, 1891. 



Associate. 

William Gray was born at Greenock on 2nd December, 1850, 
and early in life started work in a ship chandler's store in Glasgow. 
In 1876 he joined Mr Macbeth, who was then carrying on a ships' 
store business, and the new firm as Messrs Macbeth & Gray com- 
menced business in Clyde Place, Glasgow. The partnership was 
most successful, and their ship chandlery and store business 
developed until it became one of the largest in the United 
Kingdom. Subsequently the firm became shipowners and owned 
and managed a large number of steamers. 

Mr Gray was widely known, not only in Glasgow but in many 
shipping centres throughout the United Kingdom, as a capable and 
straightforwai'd man of business. His death took place at White- 
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hall, Pollokshields, on 2nd May, 1899, the result of a fall from his 
horse while out riding the previous evening. 

He joined the Institution as an Associate in January, 1899. 



LIST OF HONORARY MEMBERS, MEMBERS, 
ASSOCIATES, AND GRADUATES 

AT CLOSE OF SESSION 1898-99. 



HONORARY MEMBERS. 

DATE OF ELECTION. 

Kelvin, Lord, A.M., LL.D., D.C.L. F.R SS.L. and E., Professor 

of Natural Philosophy in the University of Ghusgow, 1S59 

Abmstrong, Lord, C. B. , LL. D. , D. C. L. , F. R. S. , Newcastle-on-Tyne, 1 884 

Bbasset, Lord, K.C.B., D.G.L., 4 Great George street, Westminster, 

London, S.W., 1891 

Bltthswood, Lord, Blythswood, Renfrewshire, 1891 

Kennedy, Professor A. B. W., LL.D., F.R.S., 17 Victoria street, 

London, S.W., 1891 

Murray, Sir Digby, Bart., Hothfield, Parkstone, Dorset, 1891 

White, Sir William Henry, K.C.B., F.R.S., LL.D., Admiralty, 

London, 1894 

DuRSTON Sir A. J., K.C.B., Admiralty, London, 1896 

Froude, R. E., F.R.S., Admiralty Experiment works, Gosport, 1897 



MEMBERS. 

DATE or ELECTION. 

Aamundsen, Jens L., Hoaston Terrace, Renfrew, 24 Jan., 1899 

Abercrombie, Robert Graham, Broad Street Engine 

Works, Alloa, 21 Mar., 1899 

!G 25 Mar 1890 
M 22 Jan'' 1895 

A DAMSON, James, St. Qui vox, Stopford road, Upton 

Manor, Essex, 23 Apr., 1889 

AlLSA (The most Honourable the Marquis of), Ship- 
builder, Cnlzean castle, Maybole, 25 Jan., 1898 

AiTCHisoN, William, 6 Midlothian drive, Shawlands, 

Glasgow, 22 Oct, 1889 



Names marked thus * were Members of Scottish Shipbuilders' Association at 
Incorporation with lustitatiou, 1865. 

Names marked thus + are Life Members. 
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AiTKEN, H. Wallace, 140 Bath Street, Glasgow, /^ ^ Jj^" J^ 

AiTOK, J. Arthur, 102 Fencharch street, London, E.C., 24 Nov., 1896 

.Allan, J. R., Bintang^ Dnmbreck, Glasgow, 25 Jan., 1888 

Allan, John M., 3 Grantly street, Shawlands, Glasgow, 21 Jan., 1890 

Allan, Robert, Demerara foundry, George Town, 

Demerara, 30 Apr., 1895 

Allan, Robert, Engineer and Sbipbailder, Singapore, 

S. Settlements, 26 Apr., 189S 

Allan, William, M.P., Scotia Engine works, Sunder- 
land, 20 Jan., 1869 

Alley, Stephen E., Engineer, Langside house, Lang- 
side, Glasgow, 23 Nov., 1897 

tALLiOTT, James B., The Park, Nottingham, 21 Dec., 1864 

Alston, William M., 24 Sardinia terrace, Hillhead, ( G. 15 Feb., 1865 

Glasgow, ) M. 18 Dec, 1877 

+AMOS, Alexander, Public Library of N.S.W., Sydney, 

New South Wales, 21 Dea, 18S6 

tAHOS, Alexander, Jun., 21 Dec, 1886 

tANDERSON, £. Andrew, c/o Clinton, IS Holmhead 

street, Glasgow, 21 Feb., 1899 

Anderson, James, 100 Clyde street, Glasgow, | ^ ^ ^®^» J^ 

Anderson, James H., Caledonian Railway, Glasgow, 20 Dec, 1883 

Anderson, Robert, Clyde Street, Renfrew, 26 Jan., 1887 

AlNDRews, James, Holm Foundry, Cathcart, 22 Nov., 1898 

An IS, Professor Mohamed, Bey, Minist^re des Travaux 

Publics, Cairo, 24 Apr., 1884 

Angus, Robert, Lugar, Ayrshire, 28 Nov., 1860 

Archer, W. David, 47 Croham road, Croyden, Surrey, 20 Dec, 1867 

Archibald, Henry, The Parkhead Steel Foundry Co., 

Glasgow, 25 Oct., 1898 

Arnot, William, 79 West Regent street, Glasgow, 23 Jan., 1S94 

Arrol, Thomas A., Germiston works, Glasgow, 21 Dec, 1875 

Arrol, Thomas, Jun., Oswald gardens, Scotstounhill, 

Glasgow, 20 Nov., 1894 

t Arrol, Sir William, LL.D., M.P., Dalmarnock Iron 

works, GUsgow, 27 Jan., 1885 

AuLD, John, Whitevale foundry, Glasgow, 28 Apr., 1865 

Austin, Wm. R., 3 Caird drive, Partickhill, Glasgow, 23 Feb., 1897 

Bain, William N., 40 St. Enoch square, Glasgow, 24 Feb., 1890 

Bain, William P. C, Lochrin Iron works, Coatbridge, 2S Apr., 1891 

BA.IRD, Allan W., Eastwood villa, St Andrew's drive, 

Pollokshields, Glasgow, 25 Oct, 1881 
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Balderston, James, Anchor mills, Paisley, 25 Jan., 1998 

Balfour, George, 377 Paisley road, West, Glasgow, 21 Mar., 1899 

Ballingall, David, 340 Maxwell road, Pollokshields, 

Glasgow, 27 Oct., 1896 

Bamford, Harrt, M.Sc, The University, Glasgow, 24 Nov., 1896 

Barclay, George, Vulcan works. Paisley, 25 Jan., 1898 

Barnett, J. R., Lily bank, Johnstone, 22 Dec, 1896 

Barnett, Michael R., Engineer's Office, Reservoir 

works, Cray, near Swansea, 22 Nov., 1887 

Barr, Professor Archibald, D.ScRoyston, DowanhUl, 

Glasgow, 21 Mar., 1882 

Barr, John, Glenfield Company, Kilmarnock, | ^ ^ j^* '^ j^^ 

Baxter, George H., Clyde Navigation works, Dalmnir, 22 Mar., 1881 

Baxter, P., M*L., Copland works, Govan, J ?/ 22 Dec., 1885 

' *^ . ^ * ( M. 16 June, 1898 

Beardmore, Joseph, Parkhead forge, Glasgow, 27 Oct. 1896 

Beardmore, Joseph George, Parkhead Forge, Glasgow, 22 Nov., 1898 

Beardmore, Wiluah, Parkhead foi^, Glasgow, 27 Oct., 1896 
Begbie, William, P.O. Box 459, Johannesburg, 

South Africa, 16 June, 1898 

Bell, Charles, The Birches, Stirling, 26 Jan. 1875 
♦tBELL, David, 19 Eton place, Hillhead, Glasgow, 

Bell, Imrie, 49 Dingwall road, Croyden, Surrey, 23 Mar., 1880 

Bell, Stuart, 66 Bath street, Glasgow, 26 Feb. 1895 

Bell, Thomas, 7 Clydeview, Partick, J?- 26 Apr., 1887 

•^ ' iM. 27 Apr., 1897 

Bell, W. Reid, Box 191, Lourenfo Marques, Delagoa 

Bay, South Africa, 22 Jan., 1889 

Bennie, H. Osbourne, Clyde Engine works, Polmadie, 

Glasgow, 25 Jan., 1898 

Bennie, John, Auldhousfield, Eastwood, Pollok- 

shaws, 22 Feb., 1898 

Beveridge, Richard Jai^ies, 53 Waring street, 

Belfast, 22 Feb., 1898 

Biggart, Andrew S., 279 Nithsdale road, Pollokshields, J G. 20 Mar., 188a 

Glasgow, j M. 25 Nov., 1884 
Biles, Professor John Harvard, Glasgow University, 

Glasgow, 26 Mar., 1884 

Binney, Wm. H., Marine Superintendent, Holyhead, 26 Jan., 1897 

Bird, John R., 10 Morrison street, Glasgow, 25 Mar., 1890 

Bishop, Alexander, 8 Germiston street, Glasgow, {m 24 Jan^' 1899 

Black, David, 12 Huntly terrace, Shettlcston, 22 Mar., 189S 
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BLAiBy David A., Scotland street Copper works, 

Glasgow, 23 Mar., 1897 

Blair. Geo.. Jan., 88 Queen street, Glasgow, | ^ ** '^^•' J^ 

Blair, George M*L., 120 Trongate, Glasgow, 17 Feb., 1868 

Blair, H. Maclellax, Sentinel works, Polmadie, ( G. 22 Jan., 18S4 

Glasgow, j M. 22 Oct., 1889 

Blair, James M., Williamcraigs, Linlithgowshire, 27 Mar., 1867 

Bone, William L., Ant and Bee works. West Gorton, 

Manchester, 23 Oct., 1S83 

BoRROWMAK, William C, Newatead, West Hartle- } G. 27 Oct., 1885 

pool, { M. 26 Oct., 1897 

BosT, W. D. AsHTON, Adelphi house, Paisley, 25 Jan., 1898 

Bow, William, Thistle works, Paisley, 27 Jan., 1891 

BowDEN, George Harland, 53 Both well street,Glasgow, 21 Feb., 1889 

Bowser, Charles Howard, Charles street, St KoUox, 

Glasgow, 21 Mar., 1899 

Bowser, Howard, 13 Royal crescent, West, Glasgow, 27 Jan., 1874 

Brace, George R., 25 Water street, Liverpool, 25 Mar., 189u 

Bray, E. N., 81 St. George's place, Glasgow, 22 Nov., 1898 

Brier, Henry, 1 Miskin road, Dartford, Kent, 22 Dec, 1891 

Broadfoot, James, Lymehurst, Jordanhill, j ^" ^ j^' J|^ 

Broadfoot, Wiluam R., Inchholm works, White- 
inch, 25 Jan., ISSS 

Brock, Henry W., Engine works, Dumbarton, 30 Apr., 1895 

*Brock, Walter, Engine works, Dumbarton, 26 Apr., 1865 

Brock, Walter, Jun., Levenford, Dumbarton, 27 Oct., 1896 

Broom, Thomas M., Oakfield, East Greenock, 25 Apr., 1893 

Brown, Alex. D., Dry Dock, St John's, Newfoundland, 22 Dec., 1896 

Brown, Alexander T., 18 Glencaim drive, Pollok- \ G. 25 Feb., 1879 

shields, Glasgow, \ M. 27 Oct., 1891 

* Brown, Andrew, London works, Renfrew, 16 Feb., 1859 

Brown, Andrew M*N., Strathdyde, Dalkeith avenne, J G. 26 Jan., 1876 

Dumbreck, Glasgow, J >L 24 Nov., 18S5 

Crown, Ebenezer Hall-, Helen street. Engine works, ) G. 18 Dec, 1SS3 

Govan, GUsgow, J M. 26 Feb., 1895 

Brown, George, Kirklee, Dumbarton, 23 Mar., 1886 

Brown, James, Engine Department, Astilleros del ) G. 26 Oct, 1886 

Nervi6n, Bilbao, Spain, ( M. 26 Jan., 1892 

Brown, James M*N., Glenfmin, Renfrew, 26 Jan., 1897 

Brown, Matthew T., B.Sc., 233 St. Vincent street, J G. 25 Jan., 1881 

Glasgow, J M. 18 Dec, 18W 
Brown, W" alter, Monkdyke, Renfrew, 28 Apr., 1885 



MEMBERS. 417 

iC* 97 Ta.ti 1ft7A 

Brown, William, Meadowflat, Renfrew, ij^ 22 Jan!' 1884 

Brown, William, Albion works, Woodville street, 

Govan, Glasgow, 21 Dec., 1880 

Brown, William, Messrs Dabs & Co., Glasgow Loco- 
motive works, Glasgow, 17 Dec., 188f 

Brown, Wiluam Dewar, 22 Ranelagh villas, Hove, 

Saasez, 25 Mar., 1890 

Brown, William S., Jr., 67 Washington street, 

Glasgow, 21 Dec., 1897 

Bruce-Kingsmill, J., Capt., R.A., Newton house, 

Newton, 21 Dec., 1897 

Bruhn, Johannes, 49 Sydenham park, Sydenham, } G. 24 Oct, 189.7 

London, S.E., { M. 22 Feb., 1898 

Bryson, William Alexander, Burgh Electrical 

Engineer's Department, Town Hall, Leith, 27 Oct., 189& 

BucKWELL, George W., Board of Trade Office, Custom 

House arcade, Liverpool, 27 Apr., 1897 

BUDENBERO, CHRISTIAN FREDERICK, 81 WhitWOrth 

street, Manchester, 20 Dec, 1898 

Burns, James W., 19 Clifford street, Glasgow, 21 Dec, 1880 

Burt, Thomas, 60 St. Vincent crescent, Glasgow, 22 Mar., 1881 

Caird, Arthur, Messrs Caird & Co., Ltd., Greenock, 27 Oct., 189^ 

Caird, Edward B., 777 Commercial road, Limehonse, 

London, 29 Oct., 187& 

tCAiRD, Patrick T., Messrs Caird & Co., Ltd., Greenock, 27 Oct., 1896 

Caird, Robert, Messrs Caird & Co., Ltd., Greenock, 20 Feb., 1894 

Caldwell, Jambs, 190 Elliot street, Glasgow, 17 Dec, 1878- 

Calderwood, William T., Stanley villa, Kilmailing, 

Cathcart, 25 Jan., 1898 

Cameron, Donald, City Surveyor's office, Exeter, 25 Feb., 1890 

Cameron, J. C, 24 Pollok street, Glasgow, 21 Dec, 1875 

C^VMERON, John B., Ill Union street, Glasgow, 24 Mar., 188& 

Cameron, W^illiam, 6 Gordon terrace, Shettleston, 25 Mar., 1890 

Campbell, George, Albany villa, Arrell lane, Aintree, 

Liverpool, 22 Mar., 189& 

Campbell, John, Poet Office, Vladivostock, 21 Jan., 1890 

Campbell, Joseph C, 1 University place, Partick, 

GUsgow, 27 Oct., 1896 

Campbell, W. S. , 1 Thorn wood terrace, Partick, Glasgow, 26 Mar, , 1895 

Campbell, Walter Hope, 42 Krestchatik, Kiefi, South 

Kussia, 25 Apr., 189& 

Carev, Evelyn G., 4 Snnnyside avenae, Uddingston, 22 Ort., 1889 

Carlaw, Alex. L., 11 Finnieston street, Glasgow, 24 Dec, 1895 

27 



41 8 MEMBERS. 

Oarlaw, David, Jan., 11 Finnieston street, Glasgow, 24 Dec, 189i5 

Garlaw, James W., 11 Finnieston street, Glasgow, 24 Dec, 1895 

Oarruthers, Johx H., Ashton, Qaeen Mary avenae, 

GrosshiU, Glasgow, 22 Nov., 18S1 

€ar3WELL, Thos. P., 1 Queen's terrace, Ayr, 27 Oct., 189S 

Chalk, James, 68 Bath street, Glasgow, 23 Feb.. 189S 

Ohamen, W. a., 75 Waterloo street, Glasgow, 22 Feb., 1896 

Charlton, W. A., 96 Hope street, Glasgow, 23 Jan., 1894 

Christie, John, 75 Waterloo street, Glasgow, 22 Nov., 18% 

Christie, R. Barclay, Messrs M'Lay & M'Intyre, 21 

Bothwell street, Glasgow, 25 Apr., 1893 

Christison, George, 13 Cambridge drive, Glasgow, 22 Feb., 18^ 

Clark, George Alexander, 182 West Geor^ street, 

Glasgow, 22 Nov., 18^ 

Clark, James Lester, 102 Fencbnrch street, London, E.C., 24 Nov., 1896 

Clark, John, British India Steam Navigation Co., 9 

Throgmorton avenne, London, E.C., 23 Jan., 18^ 

Clark, William, 208 St. Vincent street, Glasgow, 25 Apr., 1813 

Clark, William, 88 Renfield street, Glasgow, 22 Dec, 189S 

Clark, William Graham, 27 Lawton road, Waterloo, 

Liverpool, 22 Feb., 1896 

Clarkson, Charles, Green lane, Chester road, Erding- 

ton, Birmingham, 27 Oct., 18r<I 

Cleghorn, Alexander, Datcha, Scotstonnhill, Glasgow, 22 Nov., 1893 

Coats, James, Talara, Katharine drive, Govan, 21 Dec, 1897 

Cochran, James T., Messrs Cochran & Co., Shipbuilders, 

Birkenhead, 26 Feb., 18S4 

Cochrane, John, Grahamston fonndry, Barrhead, 25 Mar., 18$0 

CocKBURN, George, 24 Sussex street, Glasgow, 25 Oct., 18S1 

CocKBURN, Robert, Cumbrae House, Dumbreck, 

Glasgow, 25 Jan., 1896 

OoLLiE. Charles, 19-21 Eaglesham street. Plantation, 

Glasgow, 26 Apr., 189$ 

CoLViLLE, Archibald, Motherwell, 27 Oct, 1S96 

CoLViLLE, David, Jun., Jerviston house, Motherwell, 27 Oct, 1896 

Connell, Charles, Whiteinch, Glasgow, j^j ^ ^^* J^ 

Conner, Alexander, 41 Thomwood drive, Partick. {m ^ Jm * l^ 

Conner, Benjamin, 196 St Vincent street, Glas- J G. 22 Dec, ISSo 

gow, } M. 26 Oct., 1S97 

Conner, James, Assistant Locomotive Engineer, High- f G 18 Dec, 1877 

land Kail way, Inverness, \M. 24 Nov., 18S5 



MEMBERS. 419 

Cooper, James, Aberdeen Steam Navigation Company, 

Aberdeen, 19 Dec., 1893 

COPELAND, James, 24 George square, Glasgow, 17 Feb., 1864 

CoFESTAKE, S. G. G., Glasgow Looomotive works. Little 

Crovan, Glasgow, 11 Mar., 1868 

tCoPLAXD, William R., 146 W. Regent street, Glasgow, 20 Jan., 1864 

CoRMACK, John Dewar, B.Sc. ,The University, Glasgow, 24 Nov., 1896 

CouLSON, W. Arthur, 47 King street, Mile-end, 

Glasgow, 15 June, 1898 

CouPER, SiNGLMR, Mooro Park Boiler works, Govan, JG. 21 Dec., 1880 

Glasgow, \M. 27 Oct., 1891 

CouRTiER-DuTTON, W. T., Shipbuilder and Engineer, 

69 St. Vincent street, Glasgow, 22 Dec, 1896 

CouTTS, Francis, 25 RosUn Terrace, Aberdeen, /^ |J ^^*-' \^ 

Cowan, John, Ingleholme, Greenock, 27 Apr., 1897 

Cowan, M*Taggart, 109 Bath street, Glasgow, 28 Nov., 1866 

Craig, Archibald Fulton, DykeW house, Paisley, 25 Jan., 1898 

Craig, James, Lloyds Registry, 342 Argyle street, ) G. 20 Dec., 1892 

Glasgow, J M.21 Dec., 1897 

Craig, John, Rosevale, Port-Glasgow, 26 Mar., 1895 

Crawford, James, 30 Ardgowan street, Greenock, 27 Oct., 1896 

Crawford, Samuel, Messrs John Scott & Company, 

Engineers and Shipbuilders, Kiughom, 18 Dec., 1883 

Crichton, James L., 3 East Park terrace, Maryhill, 

Glasgow, 18 Dec, 1894 

Crockatt, William, 179 Nithsdale road, Pollokshields, 

Glasgow, 22 Mar., 1881 

Crosher, John, 87 Portman street, Kinning Park, 

Glasgow, 24 Jan., 1899 

Crosher, William, 31 Great Wellington street, Kinn- 

ing Park, Glasgow, 24 Jan., 1899 
Crow, John, Engineer, 236 Nithsdale road, Pollok- 
shields, Glasgow, 25 Jan., 1898 
Cruickshank, J. E., 157 Hope street, Glasgow, 24 Jan., 1899 
Gumming, WM.J.L.,MotherwellBridgeCo., Motherwell, 24 Jan., 1899 
Cunningham, Peter N., Easter house, Kennyhill, 

Cumbernauld road, Glasgow, 23 Dec, 1884 

CURRIK, James, 16 Bernard street, Leith, 20 Jan., 1869 

CuTHiLL, William, Beechwood, Uddingston, 24 Nov., 1896 

Daniels, Thomas, Messrs Nasmyth, Wilson & Com- 
pany, Ltd., Patricroft, near Manchester, 25 Apr., 1893 



420 MEMBERS. 

Darroch, John, 27 South Kuming place, 24 Jan., 1899 

Davidson, David^ 17 Regent Park square, Strathbnngo, } 6. 22 Mar., 18S1 

Glasgow, ( M. 18 Dec , 188S 

Davison, Thomas, 248 Bath street, Glasgow, 11 Dec., 1861 

Deas, James, Engineer, Clyde Trust, Crown gardens, 

Glasgow, 17 Feb., 1869 

Dempster, James, 7 Knowe terrace, Pollokshields, 24 Jan. , 1899 

Dempster, John, 49 Robertson street, Glasgow, 22 Feb., 189S 
Denholm, James, 5 Derby terrace, Sandyford street, 

Glasgow, 2lNoT.,18S3 

Denholm, William, Meadowside Shipbuilding yard, ) G. 18 Dec., 18S3 

Partick, Glasgow, \ M. 21 Nov., 1893 

Denny, Archibald, Braehead, Dumbarton, 21 Feb., l^ 

Denny, James, Engine works, Dumbarton, 25 Oct., 1887 

Denny, Col. John M., M.P., Garmoyle, Dumbarton, 27 Oct., 18W 

Denny, Leslie, Leven Shipyard, Dumbarton, 30 Apr., 189$ 

Denny, Peter, Bellfield, Dumbarton, 21 Feb., 1SS8 

Dick, Frank W., Palmer's Steel works, Jarrow-on-Tyne, 19 Mar., 1878 
Dickson, B. Gillespie, c/o J. T. Sellar, 8 Blackfriars 

street, Perth, 19 Nov., 18*) 
Dickson, William, Lanarkshire Steel Co., Motherwell, 15 June, 1S9S 
DiMMOCK, John Winorave, 2 Grantly gardens, Shaw- 
lands, Glasgow, 22 Mar., 1S93 

Dixon, James S., 127 St. Vincent street, Glasgow, | ^ ^ J^' J^!^ 

Dixon, Walter, 59 Bath street, Glasgow, 26 Feb., 189» 

Dixon, William, H., 69 Bath street, Glasgow, /^ ^ ^^ |^ 

DOBSON, William, The Chesters, Jesmond, Newcastle- 

on-Tyne, 17 Jan., 18T1 

Donald, B. B., 275 Onslow drive, Dennistoun, Glasgow, |^j ^ ^J^" {^ 

Donald, David P., Johnstone, 21 Mar., 18» 

Donald, James, Abbey works. Paisley, 20 Jan., 1864 

Donald, Robert Hanna, Abbey works, Paisley, 22 Nov., 1892 

Donaldson, James, Almond villa, Renfrew, 25 Jan., 187i 
Doyle, Patrick, F.R.S.E., 7 Government place, Cal- 

cutta. India, 23 Nov.,18S6 
Drew, Alexander, 22 Rutland square, Edinburgh, 29 Apr., 1890 
Drummond, Walter, The Glasgow Railway Engineer- 
ing works, Govan, Glasgow, 26 Mar., 139^ 

Drysdale, John W. W., 37 Westercraigs, Dennistoun, 

Glasgow, 23 Dec., IS84 



MEMBERS.. 421 

Bubs, Ghables R., Glasgow LocomotiTe works, Glasgow, 24 Oct., 1882 

Duncan, George F., Ardendutha, Port-Glasgow, | ^' ^ ^^'' J^ 

Duncan, Hugh, Loudon road Iron works, Glasgow, 15 June, 1898 

Duncan, John, Ardenclatha, Port-Glasgow, 23 Nov., 1886 

Duncan, Robert, Whitefield Engine works, Govan, 

Glasgow, 25 Jan., 1881 

DuNLOP, David John, Inch works, Port-Glasgow, 23 Nov., 1869 

DuNLOP, John G., Clydebank, Dambartonshire, 23 Jan., 1877 

DuNLOP, William, N. Odero fer Alesso, Sestri/G. 22 Jan., 1884 

Ponento, Italy,\M. 24 Jan., 1899 

-t-DuNN, Peter L., 815 Battery street, San Francisco, 

U.S.A., 26 Oct, 1886 

Dyer, Henry, D. Sc, M. A., 8 Highbnrgh terrace, 

Dowanhill, Glasgow, 23 Oct., 1883 

Easton, Wm. Cecil, B.Sc, City Engineer's Office, 

Glasgow, 22 Feb., 1898 

Edwards, Charles, 41 Westbonme gardens, Glasgow, 26 Oct., 1897 
Elgar, Francis, LL.D.,F.R.S.S., L.& K, Fairfield Ship- 
building and Engineering Co., Limited, 

113 Cannon street, London, E.C., 24 Feb., 1885 

Eluott, Robert, B.Sc, Lloyd's Surveyor, Greenock, | ^ ji Feb. ' 1898 
Elske, Thomas, Mensagerias Fluviales del Plata, 

Uruguay, 28 Jan., 1896 
Evans, Malcolm T., 3 Ashville, Skegoniel avenue, 

Belfast, 23 Feb., 1897 
Ewkn, Peter, Tbe Barrowfield Ironworks, Ltd., 

Craigielea, Bothwell, 21 Mar., 1899 

Fairweather, Wallace, 62 St. Vincent street, Glasgow, 24 Apr., 1894 

Fedden, Samuel Edgar, Municipal Buildings, Gree- 
nock, 21 Mar., 1899 

Ferguson, Daniel, 27 Oswald street, Glasgow, 26 Apr., 1898 

Ferguson, J. Strathearn, 19 Arundel drive, Langside, 

Glasgow, 23 Nov., 1897 

Ferguson, John, Shipbuilder, Leith, | ^ ^ ^^J;' }^l^^ 

Ferguson, John James, Ardendarrocb, Ardnadam, 24 Jan., 1899 

Ferguson, Peter, Phoenix works. Paisley, 22 Oct., 1889 

Ferguson, Wilfred H., 4 Thomwood terrace, Partick, 22 Nov., 1898 



422 MEMBERS. 

Ferguson, William D., Albert villa, Ravenhill road, JG. 27 Jan., 1^ 

Belfast. iM. 20 Biar., 1894 

Ferguson, Wiluam R., Barclay Carle & Co., Ltd., jG. 22 Feb., 1881 

Whiteinch, Glasgow, iM. 22 Jan., ISSd 

Ferries, Jambs, Cbina Merchants Steam Nav. Co., 

Shanghai, 22 Dec, 1896 

FiELDEN, Immer, 2 Thornton villas, Holdemess road, Hall, 24 Feb., 1874 
FiNDLAY, Alexander, Parkneak Iron works, Motherwell, 27 Jan., 1830 
FiNLAYSON, FiNLAY, Clydeside Tabe works, Whifflet, 

Coatbridge, 23 Dec, 1884 

Fisher, Andrew, St Mirren's Engine works, 

Paisley, 25 Jan., 1895 

Fleming, Andrew E., Kandy, Ceylon, 23 Jan., 1894 

Fleming, George E., 4 Doune quadrant, Kelvinside, 

GUsgow, 27 Oct, 1896 

Fleming, John, Dellbum works, Motherwell, 24 Jan,, 1899 

Fleming, William, 10 Heathfield terrace, Springbarn, 

Glasgow, 25 Jan., 1898 

Fletcher, James, 11 Ibrox Place, Whitefield road,/G. 28 Jan., 1896 

GoTan,\M. 23 Nov., 1897 

Flett, George L.,86 Sussex street, Paisley road. West, 

Glasgow, 22 Jan., 1895 

Forsyth, Lawson^ 10 Grafton square, Glasgow, 18 Dec, 1883 
Foster, James, 11 St Andrew's drive, Pollokshields, 

Glasgow, 26 Jan., 1897 

FouLis, William, City Chambers, John Street, Glasgow, 18 Jan., 1870 

Fox, Samson, Blairquhan Castle, May bole, 2 Nov., 1880 

Frame, James, 6 Kilmailing terrace, Cathcart, Glasgow, 23 Feb., 1897 

Fraser, William, 121 North Montrose street, Glasgow, 19 Dec, 1893 

Fryer, Tom J., 2022 Change Alley, Sheffield, -f^* ^ p^| J|^ 

Fujii, Jerugors, 8 Sutherland terrace, Dowanhil), 

Glasgow, 21 Feb., 1899 

Fullerton, Alex., Vulcan Works, Paisley, 22 Dec, 1896 



Gale, Edmund William, 4 Rosebery place, Clyde- 
bank, 23 Nov., 1897 
tGx\LE, J AS. M., Corporation Water works. City Chambers, 

Glasgow, 24 Nov., 185S 

Gale, William M., 18 Huntly gardens, Kelvinside, 

Glasgow, 24 Jan., 1893 



MEMBERS. 42$ 

Galloway, Charles S., Greenwood City» Vancouver, 

B.O., 22 Jan., 1895 

Gardner, Walter, 8 Percy street, Ibrox, Glaegow, 20 Dec., 1898 

Gearing, Ernest, Fenshnrst, Clarence drive, Harro- 
gate, 20 BCar., 188S 
Gemmell, E. W., Board of Trade Offices, 7 York street, 

Glasgow, 18 Dec, 188a 

Gibe, Andrew, 30 South street, Greenwich, London, ( G. 23 Dec, 1873 

S.E., ( M. 21 Mar., 1882 

Giffobd, Paterson, 101 St. Vincent street, Glasgow, 23 Nov., 1886 

*GiLCHRiST, Archibald, 5 Montgomerie ores., Glasgow, 23 Nov., 1859 

Gilchrist, James, Stohcross Engine works, Finnieston jG. 26 Dec, 1866 

quay, Glasgow, {M. 29 Oct., 1878 

Gillespie, Andrew, 34 St. Enoch square, Glasgow, 20 Nov., 1894 

Gillespie, James, 21 Minerva street, Glasgow, i^ 24 Mar ' 1891 

Glasgow, James, Femlea, Paisley, 25 Jan., 1898 

Glen, D. C, Messrs Matheson & Company, S Lombard (G. 23 Dec, 1884 

street, London, E.G., (M. 21 Feb., 1893 

i-GooDWiN, Gilbert S., Alexandra buildings, James 

street, Liverpool, 28 Mar., 1866 

Gordon, John, 152 Craigpark street, Glasgow, 26 Mar., 1895 

Gorrie, James M., 9 Park drive, Whiteinch, 22 Nov., 1898 

GouRLAY, H. Garret, Dundee foundry, Dundee, 25 Apr., 1882 

GowAN, A. B., Messrs Vickers, Son & Maxim, Barrow- (G. 24 Jan., 1882 

in-Furness, iM. 22 Jan., 1895 

Gracie, Alex., Fairfield Shipbuilding and Engineering i G. 26 Feb., 1884 

Company, Govan, j M. 24 Nov., 1896 

Graham, David R., Messrs A. Stephen & Sons, Engine 

Department, Linthouse, Glasgow, 25 Apr., 1893 

Graham, John, 60 Cambridge drive, Kelvinside, 

Glasgow, 25 Jan., 1898 

Graham, Walter, Kilblain Engine works, Nicholson } G. 28 Jan., 1896 

street, Greenock, { M. 15 June, 1898 

Gr^vnt. Thomas M., 322 St. Vincent street, Glasgow, 25 Jan., 1876 

Gray, James, Riverside. Old Cumnock, Ayrshire, 8 Jan., 1862 

Gray, William, 2 Veir terrace, Dumbarton, 28 Feb., 1897 

Gretchin, G. L., c/o M. Krapivine, Ekaterininska 

street, Odessa, Russia, 25 Jan., 1898 

Grieve, John, Engineer, Motherwell, 26 Jan., 189S 

Gboves, L. John, Engineer, Crinan Canal, Ardrishaig, 20 Dec., 1881 

Guthrie, John, The Crown Iron works, Glasgow, 27 Oct., 1890 



434 MEMBERS. 

Haioh, William B., 15 Randolph gardens, Partiek, 

Glasgow, 28 Dec, 1896 

Halket, James P., Glengall Iron works, Millwall, 

London, £., 26 OcL, 1897 

Hall, William, Shipbuilder, Aberdeen, 25 Jan., 1881 

Halley, William Lizabs, Lennoxlea, Dnmbarton, 21 Dee., 1897 

Hamilton, Archibald, New Dock works, Govan, 1G. 24 Feb., 1874 

Glasgow, Km. 24 Nov., 1885 

Hamilton, Claud, 247 St. Vincent street, Glas- 
gow, 15 June, 1896 

Hamilton, David C, Clyde Shipping Company, 21 ( G. 23 Dec, 1873 

Carlton place, Glasgow, j M. 22 Nov., 1881 

Hamilton, James, Messrs R. Napier & Sons, Govan, ) G. 26 Dec, 1863 

Glasgow, i M. 18 Mar., 1876 

^Hamilton, John, 22 Athole gardens, Glasgow, 

Hamilton, W. D., 116 St. Vincent street, Glasgow, 21 Mar., 1899 

Harman, Bruce, 35 Connaoght road, Harlenden, Lon- ( G. 2 Nov., 1880 

don, N.W\, J M. 22 Jan., 1884 

Harrison. J. E., 160 Hope street, Glasgow, | ^ ^ ^®^' J|^ 

Hart, P. Campbell, John Finnic street, Kilmarnock, 24 Nov., 1896 

Harvey, James, 224 West street, Glasgow, 24 Jan., 1899 

Harvey, John H., Bendutha, Port-Glasgow, 22 Feb., 1887 

Harvey, Robert, 224 West street, Glasgow, 24 Nov., 1896 

Hastie, William, Kilblain Engine works, Greenock, 17 Jan., 1871 
Hayward, Thomas Andrew, 18 Carrington street, 

Glasgow, 22 Mar., 189S 

•^Henderson, A. P., 30 Lancefield quay, Glasgow, 25 Nov., 1879 
Henderson, Frederick N., Meadowside, Partiek, 

Glasgow, 26 Mar., 1895 
Henderson, J. Bailie, Government Hydraulic Engineer, 

Brisbane, Queensland, 18 Dec, 1888 

tHENDERSON, JoHN, Meadowside, Partiek, Glasgow, 21 Jan., 1873 

+HENDERSON, JoHN L., 25 Nov., 1879 
HENDER.SON, WiLLi AM STEWART, 6 Radnor st.,Sandyford, 

Glasgow, 24 Nov., 1896 
Herriot, George, Board of Trade Offices, 7 York street, 

Glasgow, 20 Feb., 1877 

Herriot, W. Scott, 11 Rosehill Street, Derby, 28 Oct., 1890 
Hf.therinoton, Edward P., Messrs John Hetherington 

& Co, Ltd., Pollard street, Manchester, 22 Nov., 1892 
Hide, Wiluam Seymour, Messrs. Amos & Smith, 

Albert Dock works, Hull, 18 Dec, 1888 



MEMBERS. 425 

H1I4L, Thomas, 3 Whitevale, Dennistonn, Glasgow, '22 Jan., 1896 

Hikes, James, Danedin lodge, Lenzie, Glasgow, 28 Jan., 1896 

HoDGART, John, Lamsbum, Paisley, 22 Dec, 1896 

Sooo, Charles P., 53 Bothwell street, Glasgow, 2 Nov., 1880 

Hogg, John, Victoria Engine works, Airdrie, 20 Mar., 1883 

Holmes, F. G., Bargh Chambers, Govaii, 23 Mar., 1880 

Holmes, Matthew, Netherby, Lenzie, 20 Mar., 1883 

Holms, A. Campbell, Lloyd's Register, 2 White Lion 

court, Cornhill, London, 24 Apr., 1894 

Homan, William M*L., Orange Free State Railways, J ., oa t « iqoq 

Kroonstad, Orange Free State, [ ^- ^ J^""- |°2? 

South Africa, ] ^' ^ ^""^'^ ^^^^ 

Home, Henry, 8 Sardinia terrace. Billhead, Glasgow, 28 Feb., 1897 

HORNE, George S., 18 Berkeley terrace, Glasgow, 21 Feb., 1899 

HoRNE, John, Rokeby villa, Carlisle, 23 Nov., 1897 

fHorsTON, Colin, Harbonr Engine works, 60 Portman 

street, Glasgow, 25 Mar., 1890 

Houston. James, Jr., Brisbane house, Bellahouston, 25 Jan., 1898 

How AT, William, 121 Raeberry street, Glasgow, 22 Feb., 1898 

tHowDEN, James, 195,Scotland street, Glasgow, Original 

Hume, Jambs Howden, 195 Scotland street, Glasgow, 22 Dt^c, 1891 

HHunt, Edmund, 121 West George street, Glasgow, Original 

Hunter, Gilbert M., New Yards, Maybole, N.B., | ^ ^^ ^^^^ J^|^ 

Hunter, James, Aberdeen Iron works, Aberdeen, 25 Jan., 1881 

Hunter, John, Sir Wm. Arrol & Co., Ltd., Dalniamock /A. 22 Jan., 1896 

Iron Works, Glasgow, \M. 21 Mar. 1899 

Hunter, Joseph Gilbert, Lloyd's Register, 12 Oriel 

chambers, Liverpool, 24 Feb., 1891 
Hutcheson, Arch., 37 Mair street. Plantation, Glas- 
gow, 22 Dec, 1896 
Hutcheson, John, 37 Mair street, Plantation, Glasgow, 22 Mar., 1898 
Hutchison, James H., Shipbuilder, Port-Glasgow, 26 Mar., 1895 

HUTSON, GUYBON, Kelvinhaugh Engine works, Glas- ) G. 23 Dec, 1873 

gow, I M. 24 Nov., 1885 

HuTSON, GUYBON, Jan., 3 Bute mansions, Glasgow, 21 Mar., 1893 

tiNOLis, John, LL.D., Point House Shipyard, Glasgow, 1 May, 1861 

Ireland, William, 7 Ardgowan terrace, Glasgow, 25 Feb., 1890 

Jack, Alexander, 164 WindmiUhill, Motherwell, 21 Nov., 1893 

Jack, James R., Mkvisbank, Dumbarton, 27 Apr., 1897 



426 MEMBERS. 

Jackson, Harold D., 10 Hillend gardens, Hyndland/G. 24 Mar., 1891 
^^m$ road, Glasgow, \M« 20 Dee., 189S 

Jackson, Peter, 109 Hope street, Glasgow, 24 Mar., 1891 

Jackson, William, Govan Engine works, Govan, Glas- 
gow, 21 Dec, 1873 
Jamieson, Professor Andrew, F.RS.E., 16 Rosslyn 

terrace, Hillhead, Glasgow, 26 Mar., 18S9 

Jardine, John, Fairholm, Motherwell, 26 April, 189S 

Johnston, David, 9 Osborne terrace, Copland road, 

Glasgow, 25 Feb., 1879 

Johnston, Robert, Kirklee, Wallace street, Kilmar- 
nock. 22 Mar., 1898 
Johnstone, George, Messrs Mackinnon, Mackenzie & 

Co., Calcutta, 21 Mar., 1899 

Jones, Llewellen, Chesterfield honse, 98 Great Tower 

street, London, E.C., 25 Oct., 189? 



Kemp, Daniel, 69 Prince Edward street, Crossbill, Glas-/G. 23 Nov., 1886 

r,lM. 

Kemp, Ebenezer, D., Birkenhead Iron works, Birken- ) G. 20 Feb., 1883 



Kelly, Alexander, 100 Hyde Park street, Glasgow, 28 Feb., 1897 

Glas- f G. 23 Nov., 1886 
gow, |M. 20 Dec, 189& 

trken- ) G. 20 Feb., 1883 
head, } M. 25 Oct., 1892 

Kempt, Irvine, Jun., Foresthill, Kelvinside, Glasgow, | Jj ^ J®^» J|^ 

Kennedy, Alexander M'A., Rosslea, Dumbarton, 30 Apr., 1895 

Kennedy, John, Messrs R. M* Andrew & Co., Suffolk 

House, Laurence Pountney Hill, London, E.G., 23 Jan., 1877 

Kennedy, KoBT.,B.Sc.,Glenfield Company, Kilmarnock, 23 Mar., 1897 

Kennedy, Thomas, Glenfield Company, Kilmarnock, 22 Feb., 1876- 

Kennedy, William, 13 Victoria crescent, Dowanhill, 

Glasgow, 24 Apr., 1894 

Kerr, Archibald, 2 Kelvinside gardens, Glasgow, 20 Nov., 1894 

Kerr, James, 342 Argyle street, Glasgow, 22 Feb., 189S 

Kidd, Alexander, Lloyd's Shipping Office, 74 Battery 

road, Singapore, 21 Jan., 1890 

Kincaid, John G., Oakfield, Greenock, 22 Feb., 1898 

King, A. C, Motherwell Bridge Co., Motherwell, 24 Jan., 1899 

King, Donald, 1 Montgomerie cottages, Scotstonn, J G. 21 Dec., 1886 

Glasgow, } M. 20 Mar., 1894 

King, J. Foster, The British Corporation, 69 St. Vincent 

street, Glasgow, 26 Mar., 189& 



MBMBERS. 427 

KiNGHORN, John 6., Tower Buildings, Water street, 

Liverpool, 23 Dec, 1879 

+KIRBY, Frank E., Detroit, U.S.A., 24 Nov., 1885 

Knight, Charles A., 21 St Vincent place, Glasgow, 27 Jan., 1885 

Knox, Robert, 10 Clayton terrace, Dennistoun, Glasgow, 24 Nov., 1896 

Krebs, Frederick, 22 Amaliegade, Cophenhagen, 23 Mar., 1880 

Lacjkie, William W., 76 Waterloo street, Glasgow, 22 Nov., 1898 

Lade, Jambs A., Finnart, Port-Glasgow, 27 Jan., 1891 

Laidlaw, John, 98 Dundas street, S.S., Glasgow, 26 Mar., 1884 

Laidlaw, Robert, 147 East Milton street, Glasgow, 26 Nov., 1862 
Laing, Andrew, TheWallsend Slipway Company, 

Newcastle-onTyne, 20 Mar., 1880 

Laird, Andrew, 121 West Regent street, Glasgow, 22 Nov., 1898 

Lambbbton, Andrew, Greenhill, Coatbridge, 27 Apr., 1897 

Lang, C. R., Holm Fonndry, Cathcart, Glasgow, | ^ ^ ^""J^'^ \^^ 

Lang, Jam£8, Messrs George Smith & Sons, City Line, 

75 Bothwell street, Glasgow, 24 Feb., 1880 

Lang, John, Jnn., Lynnhnrst, Johnstone, 26 Feb., 1884 

Lang, Robert, Qnarrypark, Johnstone, 25 Jan., 1898 

Laurence, George B., Clutha Iron works. Paisley road, 

Glasgow, 21 Feb., 1888 

Laws, Bernard Courtney, Drawing office, Fairfield 

shipyard, Govan, 26 Oct., 1897 

Le Rossignol, a. E., 88 Renfield street, Glasgow, 22 Nov., 1898 

Lee, Harrison Wm., c/o Mrs M'Intyre, 42 Hill street. 

Game thill, Glasgow, 25 Apr., 1899 

+LEE, Robert, Ardenville, Bcarsden, | ^j ^ JJ®^-' ^^ 

Lemkes, C. R. L., 5 WeUington street, Glasgow, | ^' 22 MarV, 1898 

Leitch, Arch., 40 St. Enoch square, Glasgow, 22 Dec, 1896 
Leslie, James T. G., 148 Randolph terrace, Hill street, 

Gamethill, Glasgow, 25 Apr., 1893 

Leslie, William, 24 Feb., 1891 

Lester, William R., 11 West Regent street, Glasgow, |^* ^ j^^^*' }^ 

Lewin, Harry W., 164 West Regent street, Glasgow, 20 Dec, 1898 

+LINDSAY, Charles C, 217 W. George street, Glasgow' | ^j |^ q^®' {^^| 

List, John, 3 St. John's park, Blackheath, London, S.E., 26 Feb., 1884 

Lithgow, William T., Port-Glasgow, 21 Feb., 1893 



428 MEMBERS. 

LiVBSEY, RoBT. M., Moant Stuart, 10 Windsor esplanade, 

Cardiff, 26 Jan., 1897 

tLoBNiTZ, Fred., Clarenee house, Renfrew, J ^ |* ^J^- J^ 

LocKiB. John, Wk Sc, 2 Custom House Chambers, Leith, 26 Jan., 1S97 

LoNERGAN, Alfred E., Whitefield Engine works, 

Go van, Glasgow, 17 Dec, 18$9 

LONOBOTTOM, JoHN GrORDON, Technical College, 38 

Bath street, Glasgow, 22 Nov., 1S9S 

tLoRiMER, William, Glasgow Locomotive works, Gashet- 

£aulds, Glasgow, 27 Oct, 139S 

+LOUDON, GEORGE FiNDLAV, 10 Claremont Terrace, 

Glasgow, 25 Jan., 1896 

Luke, W. J., Clydebank Shipbuilding and Engineering 

Co., Clydebank, 24 Jan., 1896 

LusK, Hugh D., c/o Mrs Nelson, Larch villa, Annan, 21 Febi, 1^ 

Lyall, John, 34 Randolph gardens, Partick, 27 Oct, ISSi 



Mac ALPINE, John H., Rossbank, Port-Glasgow, 20 Dec, 189S 
M*Arthur, James D., 7 Westbank place, Billhead, 

Glasgow, 26 Apr., 1898 

McAuLAY, W., 182 West George street, Glasgow, 22 Nov., 189S 

+M*Call, David, 160 Hope street, Glasgow, 17 Feb., 18.t8 

M*C0LL, Peter, Stewartville place, Partick, |^ }^ f^* \^ 

tMAcCoLL, Hector, Bloomfield, Belfast, 24 Mar., 1874 

MacColl, Hugo, Wreath Quay Engineering works, J G. 20 Dec, 1881 

Sanderland, \ M, 22 Oct, 1899 

M'Creath, James, 208 St Vincent street, Glasgow, 23 Oct, 18S3 

M'Culloch, Frank, c/o Messrs William Watson & Co., 

7 Waterloo place. Pall Mall, London, S.W., 27 Jan., 1891 

Macdonald, D. H., Brandon works, Motherwell, 24 Mar., 1896 

Macdonald, John, 146 West Regent street, Glasgow, 21 Mar., 1899 

Macdonald, Thomas, 180 Hope street, Glasgow, 25 Jan., 1898 

M'DowALL, H. J., Johnstone, 21 Mar., 1899 

M'Ewan, James, Cyclops Foundry Co., Whiteinch, 

Glasgow, 26 Feb., 18S4 

M'Ewan, Joseph, 35 Houldsworth street, Glasgow, 27 Jan., 1891 

Macfarlane, James W., 12 Balmoral villas, Cathcart, 

Glasgow, 2 Not., 18» 

Macfarlane, James, Annieslea, Motherwell, 15 Jane, 189S 



MEMBERS. 429 

Macfarlane, Walter, 12 Lynedoch crescent, Glasgow, 26 Oct., 1886 

M'Farlane, George, 121 West George street, Glasgow, | ^ H 5®^" \^ 

M'Farlane, Hugh, 499 Dnke street, Glasgow, 21 Feb., 1899 

M'Gechan, Andrew, 232 Paisley road, West, Glasgow, 26 Apr., 1898 

M*Gee, David, The Cottage. Clydebank, 22 Dec, 1896 

+M*Gee, Walter, Stoney brae, Paisley, 26 Jan., 1898 

M'Geoch, David Boyd, Messrs Blackwood & Gordon, 

Port-Glasgow, 28 Jan., 1896 

M'Geegor, J. Grant, Canadian Pacific Railway En- J G. 21 Dec, 1886 

gineering Department, Montreal, | M. 28 Apr., 1891 

McGregor, John B., 19 Bell street, Renfrew, | ^ ^ ^^'^ J^f 
M'Gregor, Thomas, 10 Mosesfield terrace, Springborn, 

Glasgow, 26 Jan., 1886 
M'iNDOB, John B., Scottish House to House Electricity 

Co., Coatbridge, 21 Mar., 1899 

M*lNTOSH, Donald, Dnnglass, Bowling, 20 Feb., 1894 
M*lNTOSH, John F., Caledonian Railway, St. RoUoz, 

Glasgow, 28 Jan., 1896 

M*Intyre, Hugh, 68 Kent road, Glasgow, 22 Nov., 1887 

Mack, James, 22 Rutland street, Edinburgh, |^j ^ ^®^' 

Mackay, Edward, 8 George square, Greenock, 6 Apr., 1887 

M'Keand, Allan, 42 Wilton gardens, Glasgow. | ^ ^ ^^;;^ [^^2 

Mackechnie, John, 342 Argyle street, Glasgow, 20 Dec. , 1898 
M'Kechnie, Jambs, Messrs Vickers, Sons, & Maxim, 

Barrow-in-Furness, 24 Apr., 1888 

Mackenzie, James, 8 St. Alban's road, Bootle, I?; ?^ 9^*^* l?5i 

(^M. 24 Jan., 1899 

Mackenzie, Thomas B., 342 Duke street^ Glasgow, i & Hf x?"' JSH 

° ' (M. 26 Nov., 1895 

M'Kenzie, John, Messrs J. Gardiner & Co., 24 St. Yin- 

cent place, Glasgow, 25 Apr., 1893 
M'Kenzie, John, Speedwell Engineering works, Coat- 
bridge, 25 Jan., 1898 
Mackie, Wiluam a., Falkland bank, Partickhill, 

Glasgow, 22 Mar., 1881 

M'KiE, J. A., Copland works, Govan, 26 Jan. 1898 
tMAcKiNLAY, Jambs T. C, 110 Gt. Wellington street, 

Kinning park, Glasgow, 27 Oct., 1896 

M'KiNNEL, William, 234 Nithsdale road, PoUokshieldP, J A. 21 Feb., 1893 

Glasgow, j M. 22 Feb | 1898 



886 
898 



430 MEMBERS. 

&f AcKiNNON, James D., 93 Hope street, Glasgow, 24 Nov., 1595 

M*Lachlan, Ewen, 4 Abbotsford place, Glasgow, 21 Feb., 18^ 

M'Lachlak, John, Saacel Bank House, Paisley, 26 Oct., 1897 

Maclaren, John F., B.Sc, Eglinton foundry. Canal 

street, Glasgow, 23 Feb., 189S 

Maclarbn, Robert, Eglinton foandry. Canal street, ( G. 2 Nov., 1^ 

Glasgow, { M. 22 Dec, 1885 

M'Laren, Thomas, 342 Argyle street, Glasgow, 20 Dec, 1896 
McLaren, John Alex., 182 West Geoige street, Glas- 
gow, 22 Nov., 1898 
Maclay, Prof. Alex., B.Sc, Clairinch, Milngavie, 28 Apr.. 18S1 
•Maclean, Sir Andrew, Viewfield house, Particle, 

Glasgow. 
Maclean, William Dick, 3 Weymouth terrace, Cess- 
nock, 25 Jan., 1898 
M*Lellan, Archibald, 27 India street, Glasgow, 25 Apr., 18» 

tMACLELLAN, William T.,Clutha Iron works, Glasgow, 21 Dec, 18S6 

M*Master, Robert, Linthouse, Glasgow, 25 Feb., 1890 

M*Millan, John, Corporation Electric Light Station, fG. 27 Jan., 1885 

Dewar Place, Edinburgh, \M. 24 Jan., 1899 

*+MacMillan, William, Holmwood, Whittinghame 

drive, Kelvinside, Glasgow, 

M'Nair, James, Norwood, Prestwick road, Ayr, 26 Nov., 1895 

M'Neil, John, Helen street, Govan, Glasgow, 23 Dec., 1884 
Macouat, R, B., Victoria Bolt and Rivet works, Cran- 

stonhill, Glasgow, 21 Mar., 1899 

Macpherson, John, 128 Hope street, Glasgow, 20 Nov., 1891 
Macrae, Norman, Northern Gold Fields Company, 

Salisbury, Mashonaland, South Africa, 28 Nov., 1895 

M'Whirter, William, 214 Holm street, Glasgow, 24 Mar., 1891 

Manson, James, G. & S. W. Railway, Kilmarnock, 21 Feb., 1899 
Marr, James Brown, Belmont, Central road, W, 

Didsbary, Manchester, 21 Dec., 1897 
Marriott, Reuben, Plantation Boiler Works, Govan, 

Glasgow, 28 Feb., 1897 
Marshall, David, Glasgow Tube works, Glasgow, 22 Jan., 1895 
Martin, £. L., 122 Leadenhall street, London, E.C., 27 Oct, 1896 
Mathewson, George, Both well works, Dunfermline, 21 Dec, 1875 
Mathewson, Robert C, Glenbum Iron works, Green- 
ock. 22 Jan., 1895 
Mathieson, Donald A., 3 Germiston street, Glasgow, 26 Jan., 1897 



1^ 



MEMBERS. 431 

JMatthbt, C. a., Messrs. Fawcett, Preston & Co., 

Liverpool, 26 Oct, 1897 

Mayor, Henry A., 47 King street, Bridgeton, Glasgow, 22 Apr., 1884 

^AVOR, Sam, 37 Bnrnbank gardens, Glasgow, 20 Nov., 1894 

May, William W., 5 Edelweiss terrace, Partickhill, 

Glasgow, 25 Jan., 1876 

Mayer, Wm., Morwell House, Dumbarton, 23 Feb., 1897 

Mechak, Henry, 13 Montgomerie quadrant, Glasgow, 25 Jan., 1887 

Meghan, Samuel, 5 Kelvingrove terrace, Glasgow, 27 Oct., 1891 

Mbldrum, James, 10 Victoria street, Westminster, (G. 24 Oct., 1876 

London, S.W., i M. 28 Nov., 1882 

Melville, William, Glasgow and South Western 

Railway, St. Enoch square, Glasgow, 23 Jan., 1883 

MiDDLETON, R. A., Messrs Vickers, Sons, & Maxim, (G. 24 Jan., 1882 

Barrowin-Fumess, '(M. 28 Oct., 1890 

Millar, Sidney, Harthill house, Cambuslang, j ^ ^J ^®^» J^^^ 

Miller, John F., Greenoakhill, Broomhouse, i^ || ^^'* J^J 

Minty, William, 15 Princes street, Pollokshields, Glas- 
gow, 25 Apr., 1899 
tMiSRLEES, James B., 45 Scotland street, Glasgow, Original 

Mitchell, Alexander, Hay field house, Springbum, 

Glasgow, 26 Jan., 1886 

Mitchell, George A., F.R.S.E., 5 West Regent street, 

Glasgow, 25 Jan., 1898 

Mitchell, Thomas, Gower street, Bellahouston, Glas- 
gow, 20 Nov., 1888 

MoiR, Ernest W,, c/o S. Pearson & Son, 10 Victoria/G. 25 Jan., 1881 

street, Westminster, London, \M. 24 Jan., 1899 

MoiR, John, 59 Park drive, Whiteinch, Glasgow, 23 Feb., 1897 

MoLLisoN, James, 6 Hillside gardens, Partickhill, Glas- 
gow, 21 Mar., 1876 

MooRE, Joseph, The Cottage, St. John's road, Rich- 
mond, London, S.W., 21 Nov., 1883 
MooRE, Ralph D.,B.Sc., 13 Clairmont gardens, Glasgow, 27 Apr., 1897 

Moore, Robert T., B.Sc* 13 Clairmont gardens, Glas- 
gow, 27 Jan., 1891 
MoRisON, William, 41 St. Vincent crescent, Glasgow, 20 Mar., 1888 
Morrice,Richard Wood, 39 Aytoun road, Pollokshields. 

Glasgow, 23 Feb., 1897 

Morton, Robert, 237 West George street, Glasgow, } ^ ^ J^®®' |^^ 

Motion, Robert, Messrs D. Stewart & Co., London 

road Iron works, Glasgow, 23 Feb., 1892 



432 MEMBERS. 

MoTT, Edmund, Board of Trade Surveyor, 7 York street, 

Glangow, 24Mar., ISSd 
tMuiR, Alfred, Machine Tool Maker, Sherboarne street, 

Manchester, 23 Feb., 1897 

+MuiR, Hugh, 7 Kelvingrove terrace, Glasgow, 17 Feb.. 1864 

MuiR, James £., 45 West Nile street, Glasgow, 22 Dec, 189S 

tMuiR, John G., 24 Jan., 188* 

Mum, Robert White, 97 St. James road, Glasgow, 21 Dec, 1897 

MuiRHEAD, William, 37 West Geori^e street, Glasgow, 26 Oct., 1897 

MUMME, Carl, 30 Newark street, Greenock, 22 Oct., 1893 

MUNN, Robert A., 137 West George street, Glasgow, 22 Dec, 18^ 
MuNRO, Robert D., Scottish Boiler Insurance Company, 

111 Union street, Glasgow, 19 Dec, 1882 
Murdoch, Frederick Teed, Atbara, 18 Emanuel 

avenue, Acton, London W., 25 Feb., 1896 

Murray, Angus, Strathroy, Dumbreck, i^ J J ^^J* j^ 

Murray, Henry, Shipbuilder. Port-Glasgow, 22 Dec, 1896 

Murray, James, Westfield, Port-Glasgow, 22 Dec, 1896 

Murray, James, 94 Washington street, Glasgow, 26 Jan., 18SS 

Murray, Richard, 109 Hope street, Glasgow, 26 Oct., 1897 

Murray, Thomas Blackwood, B.Sc, 15 Roxburgh 

street, Dowanhill, Glasgow, 22 Dec, 1891 

Murray, Thomas R., Messrs. Spencer & Co., Melk- 

sham, Wilts, 25 Feb., 1896 



Napier, Henry M., Shipbuilder, Yoker, near Glasgow, 25 Jan., 1881 
t*NAPiER, JoiiN; C. Audley mansions, Grosvenor square, 

London, 23 Dec, 1857 

tNAPiER, Robert T., 75 Bothwell street, Glasgow, 20 Dec, 1881 

Neilson, James, Ironmaster, Mossend, 23 Mar., 1897 
Nelson, Andrew S., Snowdon, Sherbrooke avenue, 

Pollokshields, Glasgow, 27 Oct, 1896 

Ness, George, 128a Queen Victoria street, London, B.C., 23 Feb. , 1897 

Nicol, Thomas, 2 Glenavon terrace, Partick, Glasgow, 18 Dec, 1885 
NiSH, William, c/o W. L. C. Paterson, Finnieston-quay, 

Glasgow, 6 Apr., 1887 

Norman, John, 131a St. Vincent street, Glasgow, 11 Dec, 1861 

O'Brien, William, 21 Ibrox terrace, Govan, Glasgow, 27 Jan., 1891 

Odagiri, Enju, 7 Bentinck street, Glasgow, 24 Jan., 1899 

O'Neill, J. J., 3 Drumoyne place, Crovan, Glasgow, 24 Nov.. 1896 



MEMBERS. 433 

Oldfield, George, Atlaa Works, Springbarn, 22 Nov., 1898 

Oliphant, Wm., Brittannia Engine works, Kilmarnock, 28 Feb., 1897 

Ormiston, John W., Donglas gardens, Uddingston, 28 Nov., 1860 
Orr, Alexander T., Marine Department, London and 

North Western Railway, Holyhead, 24 Mar., 1885 

Orr, John R., Motherwell Bridge Co., Motherwell, 24 Jan., 1809 

Paasoh, Heinrich, 27 Rae d' Amsterdam, Antwerp, 28 Oct., 1890 
Paterson, W. L. C, 5 Elm wood terrace, Jordanhill, 

Glasgow, 21 Nov., 1883 

Patterson, James, Mary hill Iron works, Glasgow, 22 Nov., 1898 

Paton, Alexander R., Redthom, Partick, Glasgow, | ^ ^ jj®^' \f^^ 

Paton, Professor George, Royal Agricoltaral College, 

Cirencester, 22 Nov., 1887 

Paton, John, 299 Shields road, Pollokshields, Glasgow, 26 Feb., 1889 

Patrick, Andrew Crawford, Johnstone, 25 Jan., 1898 
Pattie, Alexander W., 24 Sutherland street. Billhead, 

Glasgow, 22 Jan., 1895 

Paul, Andrew, Levenford works, Dumbarton, 24 Apr., 1877 

Paul, H. S., Levenford works, Dumbarton, 24 Jan., 1899 

M 21 Dec ' 1886 
Peacock, James, 6 Doune gardens, Glasgow, W,, i^ gi Feb ' 1899 

Peat, James D., Finnieston quay, Glasgow, 18 Dec, 1894 

Peck, Edward C, Messrs Yarrow & Company, Poplar, J G. 23 Dec, 1873 

London, ) M. 23 Oct., 1888 

Peck, James J., 9 Broomhill gardens, Partick, Glasgow, 22 Dec, 1896 

Penman, Robert Reid, 16 Annfield place, Glasgow, 25 Jan,, 189& 

Penman, William, Springfield house, Dalmamock, 

Glasgow, 25 Jan., 1898 

Philip, William Littlejohn, 7 Sherbrooke avenue, 

Pollokshields, 24 Jan., 1899 

PmLP, William T., Messrs Workman Clark & Co., Ltd., J G. 25 Oct., 1881 

Belfast, I M. 27 Oct., 1891 

Pickering, Robert Young, Braxfield, Lanark, 24 Nov., 1896 

Poole, William John, 19 Waverley park, Shawlands, 

Glasgow, 20 Dec, 1898 

Pollock, David, 128 Hope street, Glasgow, 23 Feb., 1897 

POLLOK, ROBT., Craiglea, Dumbarton, 22 Dec, 1896 

Pope, Robert Band, Leven Shipyard, Dumbarton, 23 Oct., 1887 

28 



434 MEMBERS. 

Prattbn, William J., Momington, Derryvolgie ayenae, 

Belfast* 2S Dec, 1896 

PURDON, Abchibald, Inch works, Port-Glasgow, 27 Apr., 1897 

PURVES,J.A.,B.Sc.,F.RS.E.,53Yorkplace,Edinbargh, 25 Oct, 1898 

Purvis, F. P., Don villa, Greenock, 20 Nov., 1877 

Putnam, Thomas, Darlington Forge Co., Darlington, 15 Jane, 1898 
Putt, Thomas H.^ 135 Kilmarnock road, SliawlandB, 

Glasgow, 23 Mar., 1897 

Pylb, James H., 88 Elliot street, Glasgow, 23 Feb., 1897 

Rainey, Francis E., 109 Hope street, Glasgow, 27 Apr., 1897 

Kait, Henrt M., 155 Fencharch street, London, 23 Dec, 1868 

Ramaoe, Richard, Shipbuilder, Leith, 22 Apr., 1873 

Ramsay, Charles, c/o Director of Works, Admiralty, 

Avenue house, Northnmberland avenue, London, W.C, 21 Dec., 1897 

Rankin, John F., Eagle foundry, Greenock, 23 Mar., 1886 

Rankin, Matthew, Messrs Rankin & Demas, En- J G. 2 Nov., 1880 

gineers, Smyrna, ( M. 20 Mar., 1S9I 

Rankine, David, 238 West George street, Glasgow, 22 Oct, 1872 

Redfearn, Walter Maurice, c/o Hydraulic Engineer- 

ing Co., Chester, 25 Jan., 1898 

Reed-Cooper, T. L., 12 Queen's terrace, Glasgow, 22 Dec, 1896 

Reid, Andrew T., Hydepark Locomotive works, Glas- } G. 21 Dec, 1886 

gow, { M. 18 Dec, 1894 

Rbid, Charles, Lilymount, Kilmarnock, 25 Jan., 1881 

Reid, George W., Locomotive Department, Natal 

Government Railways, Durban, Natal, S. Africa, 21 Nov., 1883 

Reid, J. Miller, 110 Lancefield street, Glasgow, 23 Mar., 1897 

Reid, Jambs, Shipbuilder, Port-Glasgow, 17 Mar., 1896 

Reid, James, 3 Cart street, Paisley, 25 Jan., 1893 

-VRbid, James B., Chapelhill, Paisley, 24 Nov., 1891 

Reid, James G., 58 West Regent street, Glasgow, |^' |j ^^' ^^ 

tRElD, John, 14 ^ontgomerie crescent, Kelvinside, (G. 21 Dec, 1886 

Glasgow, (M. 18 Dec, 1894 

Reid, Robert Shaw, 161 Hope street, Glasgow, 21 Mar., 1899 

Rbw, James H., Margaretta, Dnmbreck, Glasgow, 27 Oct., 1896 

Reynolds, Charles H., Sir W. G. Armstrong, Mitchell ( G. 23 Dec, 1873 
& Co., Walker Shipyard, Newcastleon-Tyne, [ M. 22 Nov., 1881 

Richmond, Sir David (Lord Provost of Glasgow), North 

British Tube works, Go van, 21 Dec, 1897 

Richmond, John R., Holm foundry, Cathcart, Glasgow, 28 Jan., 1896 



MEMBERS. 435 

RiDDELL, W, G., 296 Renfrew street, Glasgow, 21 Feb., 1899 
RiLET, James, Glasgow Iron and Steel Company, Ltd., 

36 St. Vincent place, Glasgow, 27 Apr., 1886 

Rise, Robert, Halidon Villa, Cambuslang, 23 Mar., 1897 

Ritchie, Georoe. Parkhead Forge, Glasgow, 15 Jane, 1898 

Robe, James W., 15 Huntly terrace, Shettleston, 25 Mar., 1890 

Robertson, Alex., Jan., Forgemaster, Kilmarnock, 22 Dec., 1896 

Robertson, Andrew R., 8 Park Circos place, Glasgow, | ^ ^| ^^J*' J|^ 

Robertson, Duncan, Baldroma, Ibrox, Glasgow, 24 Oct., 1876 

Robertson, R. A., 8 Park Circas place, Glasgow, 22 Apr., 1884 

Robertson, William, 123 St. Vincent street, Glasgow, 25 Nov., 1863 

Robinson, J. F., Atlas works, Springbnrn, Glasgow, 24 Apr., 1888 

Robin, Matthew, 15 Clifford street, Glasgow, |m.25 Jan!) 1898 

ROBSON, George J., 22 Bath street, Glasgow, 21 Mar., 1899 

*tR0BS0N, Hazelton R., 14 Royal crescent, Glasgow, Original 

Rodger, Anderson, Glenpark, Port-Glasgow, 21 Mar., 1893 

Rosenthal^ James H., 147 Qaeen Victoria street, 

London, B.C., 24 Nov., 1896 

Ross, J. MacEwan, Ardenlea, Lenzie, -JjJ ^ q^^'' }g^j 

Ross, James R., Parkhead forge, Glasgow, 24 Nov., 1896 

Ross, Richard G., 21 Greenhead street, Glasgow, 11 Dec., 1861 
Rowan, Frederick John, 121 West Regent street, 

Glasgow, 26 Jan., 1892 

Rowan, James, 231 Elliot street, Glasgow, j jj 27 J^!' 1885 

Rowley, Thomas, Board of Trade Offices, Virginia 

street, Greenock, 18 Dec, 1888 

Rudd, John a., 30 Hope street, Glasgow, | ^- ISJ^Se, 1898 

Russell, Frederick Alexander, 132 West Regent 

street, Glasgow, 25 Jan., 1888 

tRussELL, George, Alpha Works, Motherwell, |^* ^ ^^J» Jggg 

+RUSSELL. James, 15 Kyle park, Uddingston, } ^ ^4 N^v., 1891 

Russell, Joseph, Shiphuilder, Port-Glasgow, 22 Feh., 1881 

Russell, Joseph William, 158 Milton street, Glasgow, | ^ ^ jj^* Jggg 

Russell, Thomas W., Admiralty, 21 Northumherland 

avenue, London, W.C., 27 Apr., 1897 



436 MEMBERS. 

Rutherford, GsoRas, Mercantile Pontoon Company, 

CardiflF, 23 Mar., 1897 

Salmon, Edward Mowbray, 2 White Lion court. Corn- 
hill, London, E.C., 21 Jan., 1890 
Sambridge, James R., Messrs J. H. Holmes & Co., 

Portland road, Newcastle-on-Tyne, 22 Dec, 1896 

Sampson, Alex. W., Bams place, Clydebank, 22 Dec, 1896 
Samson, Peter, Board of Trade Offices, Bedford street, 

Covent garden, London, W.C, 24 Oct., 1876 

Samuel, James, Jan., 185 Kent road, Glasgow, 24 Feb., 1885 
Sanderson, John, Lloyd's Register, Royal Exchange, 

Middlesbro'-onTees, 20 Feb., 1883 

Sayer, William Brooks, Glenwood, Bearsden, 25 Oct., 18% 

fScoBiE, John, Box No. 93, Sierra Leone Railway, J G. 25 Mar., 1879 

Freetown, West Coast of Africa, ) M. 23 Oct., 18t&$ 

Scott, Charles Cunningham, Greenock Foundry, 

Greenock, 27 Oct., 1896 

Scott, Charles Wood, Danarbnck, Bowling, 16 Jane, 1898 

Scott, James, Engineer, Tayport, 22 Dec., 1896 

Scott, James, Jun., Strathclyde, Bowling, 15 Jane, 189S 

Scott, James K, 52 Coal Exchange, London, 30 Jan., 187:^ 

Scott, John, Abden works, Kinghom, 25 Jan., 1881 

Scott, John, D., 63 Pitt street, Sydney, Auckland, 21 Nov., 1893 

♦Seath, Thomas B., 42 Broomielaw, Glasgow, 28 Nov., 1860 

Selby-Bigge, D., 27 Mosley street, Newcastle-on-Tyne, 21 Feb., 1899 

Sexton, Professor Humboldt, Glasgow and West of 

Scotland Technical College, 204 George st., Glasgow, 25 Feb.. 189$ 

Shanks, Alexander, 5 Broomhill avenue, Partick, 26 Jan., 1875 

Shanks, Alexander, Jun., Eastwood Engine works, 

Pollokshaws, Glasgow, 26 Apr., 1893 

Shanks, William, Tubal works, Barrhead, 16 June, 1898 

Sharer, Edmund, 8 Belhaven crescent, Glasgow, 30 Apr., 1895 

Sharp, John, n Windsor Terrace, Glasgow, |^j ^4 Oct^, 18^ 

Shepherd, John W., Carrickarden, Bearsden, 26 Mar., 18S9 

SHERiFF,THOMAS,4Wol8eley villas, Whiteincb,Glasgow, 22 Dec, 1896 

Shute, Arthur E., 12 Clydeview, Partick, Glasgow, 27 Oct., 1896 

Shute, Charles W. , 4 Thornwood ter. , Partick, Glasgow, 27 Oct. , 1 896 

Shute, T. S., Lloyd's Register, Sunderland, | j^' 22 Feb.' 189^ 

SiME, John, 96 Buchanan street, Glasgow, 26 Jau., 1897 



MEMBERS. 437 

Simons, William, Tighnabruaich, Argyleshire, 24 Nov., 1858 

Simpson, Alexander, 175 Hope street, Glasgow, 22 Jan., 1862 

Simpson, Robert, B.Sc, 175 Hope street, Glasgow, 26 Jan., 1887 

Sinclair, Nisbet, 29 University avenue, Glasgow, | ^- ^^^c' 1887 

Sinclair, Russell, Consulting Engineer, 97 Pitt street, ) G. 25 Mar., 1884 

Sydney, N.S.W. j M. 24 Mar., 1891 

Slight, George H., Jan., c/o James Slight, 131 West J G. 28 Nov., 1882 

Regent street, Glasgow, j M. 22 Oct., 1889 

Sloan, J. Lumsden, 112 Bath street, Glasgow, 22 Nov,, 1898 

Small, William O., 47 Clarendon street, Glasgow, 28 Feb., 1897 

Sbcart, Lewis A., Messrs Burroughs, Welcome & Co., 

Dartford, Kent, 22 Mar., 1898 

Smillie, Samuel, 71 Lancefield street, Ghisgow, | ^- ^p*b' 1898 

Smith, Alexander D., 487 Shields road, PoUokshields, 

Glasgow, 2 Nov., 18^0 
Smith, Hugh Wilson, 2 Knows terrace, PoUokshields, 

Glasgow, 25 Jan., 1898 

Smith, James, Orange Grove Estate, Tacarigua, Trini- 
dad, B.W.I., 23 Oct., 1888 

Smith, Osbourne, Fossil Engine works, Glasgow, 24 Dec, 1895 

Smith, William, 50 Hotspur street, Tynemouth, 22 Nov., 1892 

Smith, William J., 7 Newark drive, PoUokshields, 

Glasgow, 24 Jan., 1899 

Snowball, Edward, Hydepark Locomotive works, 

Springburn, Glasgow, 22 Feb., 1870 

SoMERVAiL, Peter A., Dalmuir Ironworks, Dalmuir, 25 Jan., 1887 

SOMERVILLE, Thomas A., 264 Maxwell road, PoUok- 
shields, Glasgow, 22 Feb., 1898 

Stark, James, 13 Princes gardens, DowanhiU, Glasgow, 27 Oct. , 1896 

tSTEPHEN, Alexander E., 9 Princes gardens, Dowan- 

hUl, Glasgow, 18 Dec., 1883 

^-Stephen, Frederick J., Linthouse, Govan, Glasgow, 30 Apr., 1895 

*tSTEPHEN, John, Linthouse, Govan, Glasgow, 

Steven, John, Messrs Steven and Struthers, Eastvale 

place, Kelvinhaugh, Glasgow, 26 Oct., 1897 

Steven, John Wilson, 18 Sandyford place, Ghisgow, 20 Dec, 1898 

Steven, William, 18 Sandyford place, Glasgow, 23 Jan., 1894 

Stevens, John, Ay ton, Albert drive, Renfrew, 23 Mar., 1897 

Stewart, Alexander W., Crescent, Dalmuir, 23 Jan., 1894 

Stewart, Andrew, 41 Oswald street, Glasgow, 25 Feb., 1890 

Stewart, Duncan, 47 Summer street, Glasgow, 30 Jan., 1867 

tSTEWART, James, Harbour Engine works, 60 Portman 

street, Glasgow, 25 Mar., 1890 
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Stewart, James, Messrs L. Sterne & Co., 155 North 

Woodside road, Glasgow, 25 Oct., 189$ 

Stewart, John Graham, B.Sc, Bredisholm, Baillies- 

ton, 22 Mar., 1882 

Stewart, Peter, 53 Renfield street, Glasgow, 27 Oct.» 1874 

Stewart, W. B., 10 Buckingham terrace, Hillhead, f G. 23 Dec., 1873 

Glasgow, (M. 24 Oct., IM 

Strachan, Robert, 6 Oshome place, Govan, 22 Nov., 189S 

Strathern, Alexander G., HUlside, Stepps, N.B., 25 Apr., 1699 

Stromeyer, G. £., 9 Mount street, Manchester, 25 Apr., 1893 

Stuart, James, 115 Wellington street, Glasgow, 22 Oct., 18s© 

Stuart, James, B.Sc., Stanley villa, Langside, Glasgow, 23 Nov., 1897 

Sutherland, Sinclair, North British Tube works, 

Govan. 21 Dec, 1897 

Syme, James 8 Glenavon teirace, Partick, 23 Jan., 1877 

Tannktt, John Croysdale, Vulcan works. Paisley, 25 Jan., 18S* 

Tatham, Stanley, Montana, Burton road, Branksome | G. 21 Dec, 1890 

park, Bournemouth, W., ) M. 15 Jane, 189S 

Taverner, H. Lacy, 48 West Regent street, Glasgow, 22 Dec., 1896 
Taylor, Peter, c/o Messrs Taylor & Mitchell, Garvel 

Shipyard, Greenock, 28 Apr., 188d 
Taylor, Robert, 49 Brisbane street, Greenock, 27 Oct., J 895 
Taylor, Sf aveley, Messrs Russell & Company, Ship- 
builders, Port- Glasgow, 25 Mar., 1879 
Terano, Seiichi, 27 Derby street, Glasgow, 21 Feb., 1899 
Thearle, Samuel J. P., Lloyds Register of Shipping, 

Newcastle-on-Tyne, 22 Dec, 1896 

Thode, George W., Messrs Babcock and Wilcox, Ren- 
frew, 27 Jan., 1885 

Thom, John, 5 Westbank quadrant, Hillhead, 26 Feb., 1889 

Thomson, Prof. Arthur \V., D.Sc, College of Science, 

Poena, India, 26 Apr., 1887 

Thomson, G. Caldwell, 23 Elisabeth street, Riga, 

Russia, 24 Oct., 1893 

Thomson, George, 14Caird drive, Partickhill, Glasgow, 18 Dec., 1883 

Thomson, George, 36 Marchmont crescent, Edinburgh, } ^* ^ ^^'' {^ 

Thomson, George C, 4 The Green, Bromborough j G. 24 Feb., 1874 

Pool, near Birkenhead, ( M. 22 Oct., 1889 

Thomson, George P., Clydebank, Dumbartonshire, 25 Apr., 1882 

Thomson, James, M.A., 22 Wentworth place, Newcastle- 

on-Tyne, 23 Mar., 1886 



{ 



i 



MEMBERS. 439 

Thomson, Jambs M., Glentower, Kelvinside, Glasgow, 12 Feb., 1868 

Thomson, James R., Clydebank, DumbartoziBhire, 21 Mar., 1882 

Thomson, John, 3 Crown terrace, Dowanhill, Glasgow, 20 May, 1868 
Thomson, R. H. B., Govan Shipbuilding yard, Govan, 

Glasgow, 26 Feb., 1895 
Thomson, Robert, Meflsrs Barr, Thomson & Co., Ltd., 

Engineers, Kilmarnock, 25 Jan., 1898 

Thomson, Walter M., MotherweU house, Motherwell, | ^ ^ j^^l" J|^ 

Thomson, W. B., Ellengowan, Dundee, 14 May, 1878 

Thomson, William, 27 University avenue, Glasgow, | ^ |y q^'' ]^ 

Thunderbolt, Edward, Argus House, Portland place, 

Billhead, Glasgow, 23 Feb., 1897 

TiDD, £. George, 25 Gordon street, Glasgow, 22 Oct., 1895 

Todd, David R., Messrs Babcock & Willoox, Renfrew, | ^ ^ q^*' \^ 

TuLLis, David K., Kilbowie Iron works, Kilbowie, 23 Nov., 1897 

TuLLis, James, Kilbowie Iron works, Kilbowie, 28 Nov., 1897 
Turn BULL, Alexander, St. Mungo's works, Bishop- 

briggs, Glasgow, 21 Nov., 1876 
Turnbull, Alexander Pott, 264 Maxwell road, 

Pollokshields, Glasgow, 25 Jan., 1898 
+TURNBULL, John, Jan. , 18 Blythswood square, Glasgow, 23 Nov. , 1875 
Turnbull, Wm. George, Hallside Steel works, New- 
ton, 21 Dec., 1897 

Waddell, James, 15 Moray place, Glasgow, 23 Mar., 1897 

Wallace. Duncan M., 23 Ardgowan street, Greenock, 27 Oct., 1896 

Wallace, John, 12 Kelvingrove street, Glasgow, 26 Jan., 1892 

Wallace, Peter, Ailsa Shipbuilding Co., Troon, 23 Jan., 188:i 
Wallace, W. Carlile, Atlas Steel and Iron works, 

Sheffield, 24 Mar., 1885 

Ward, J. C. A., 76 Waterloo street, Glasgow, 22 Nov., 1898 

Ward, John, Leven Shipyard, Dumbarton, 26 Jan., 1886 

Warde, Henry W., 71 Waterloo street, Glasgow, 15 June, 1898 

Warden, Willoughby C, 25 Gordon street, Glasgow, 24 Mar., 1896 

WATKIN80N, Prof. W. H., The Pines, Crookston, 19 Dec., 1893 

Watson, G. L., 53 Both well street, Glasgow, 23 Mar., 1875 
Watson, William, Superintendent Engineer, Clyde 

Shipping Company, Greenock, 24 Nov., 1896 

Watson, Sir W. Renny, 16 Woodlands terrace, Glasgow, 16 Mar., 1864 
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Watt, Alexander, Inchcape, Paisley, 25 Jan., 18K 

\Vebb, R. G., Measn Richardson & Cnxddas, Byeulla, ) 6. 21 Dec, 1875 

Bombay, \ M. 26 Oct., 1886 

Webstkr, James, Messrs Sharp, Stewart, & Co., Ltd., 

Atlas works, Springbum, Glasgow, 21 Mar., 1899 

Weddkll, Jas., Park villa, Uddingston, 22 Dec., 1896 

AVedowood, Arthur D., Forgemaster, Dambarton, 26 Jan , 1897 

Weighton, Prof. R. L., M.A., Durham CoUei^ of \ G. 17 Dec., 1878 

Science, Newcastle-on-Tyne, { M. 22 Nov., 18S7 

tWEiR, George, Yass, near Sydney, New South Wales, 22 Dec., 1874 

tWEiR, James, Holmwood, 72 St. Andrew's drive, 

Pollokshields, 22 Dec, 1874 

Weir, John, Messrs John Scott & Co., Engineers and (G. 22 Apr., 18S4 

Shipbuilders, Kinghorn, {M. 26 Nov., 1895 

tWEiR, Thomas, China Merchants* Steam Navigation 

Co., Marine Superintendent's Office, Shanghai, China, 23 Apr., 1889 

Weir, Thomas D., Messrs Brown, Mair, Gemmill & f G. 19 Dec, 1876 

Hyslop, 162 St. Vincent street, Glasgow, ( M. 26 Feb., 1884 

Weir, William, Holm foundry. Cathcart. Glasgow. |^j ^ ^^'^ }^ 

Welsh, James, 3 Princes gardens, Dowanhill, Glas- ) G. 24 Nov., 1885 

gow, } M. 26 Oct., 1897 

Welsh, Thomas M., 3 Princes gardens, Dowanhill, 

Glasgow, 17 Feb., 1869 

West, Henry H., 5 Castle street, Liverpool, 23 Dec, 1868 

White, Richard S., Shirley, Jesmond, Newcaatle-on- 

Tyne, 20 Feb., 1883 

Whitehead, James, 6 Buchanan terrace, Paisley, 6 Apr., 1887 

WiLDKiDGB, John, Consulting Engineer, Sydney, 

N.S. W., Australia, 25 Nov., 1884 

WiLKS, Harry, 112 Bath street, Glasgow, 22 Nov., 1898 

Williams, Llewellyn W^ynn, B.Sc, Cathcart, Glas- 
gow, 22 Feb., 1898 
Williamson, Alexander, 67 Esplanade, Greenock, 21 Mar., 1899 
Williamson, James, Director H.M. Dockyards, White- 
hall, London, 23 Dec, 1884 
Williamson, James, Marine Superintendent, Gourock, 24 Mar., 1896 
Williamson, Robert, Brithdir works, Alexandra docks, 

Newport, Mon., 20 Feb., 1883 

Wilson, Alexander, Dawsholm Gasworks, Maryhill, 

Glasgow, 28 Jan., 1896 

Wilson, Alexander, Hyde Park Foundry, Finnieston 

street, Glasgow, 23 Feb., 1897 
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* Wilson, Alex. H., Aberdeen Iron works, Aberdeen, 

Wilson, David. Arecibo, Porto Rico, West Indieii, 25 Oct., 1887 

Wilson, Gavin, 107 Pollok street, S.S., Glasgow, 22 Oct., 1889 
Wilson, James, Engineer, Corporation Water Works, 

Edinburgh, 23 Dec., 1868 

tWiLSON, John, 166 Onslow drive, Dennistoun, Glasgow, 22 Feb., 1870 

Wilson, John, 164 West George street, Glasgow, 24 Dec, 1895 

Wilson, Matthew G., 43 Oxford street, Glasgow, 25 Jan., 1898 

Wilson, W. H., 46 Scotland street, Glasgow, 22 Feb., 1898 

W^ILSON, Wiluam, Lilybank Boiler works, Glasgow, 30 Apr., 1896 

♦tWiNGATE, Thomas, Viewfield, Partick, Glasgow, 20 Jan., 1858 

Wood, Robert C, 26 Brisbane street, Greenock, 23 Mar., 1897 

Workman, Harold, B.Sc, Dunluce, Dullatnr, 21 Dec, 1897 

Wrench, Wiluam G., 27 Oswald street, Glasgow, 25 Mar., 1890 

Wright, Robert, 172 Kilmarnock Road, Shawlands, 22 Dec, 1896 

Wyue, Alexander, Kirkfield, Jobnstone, 26 Oct., 1897 

Wtllie, James Brown. 134 St. Vincent street, Glasgow, | ^ ^ j^^' ' \^j 

Wylie, William, 33 Maxwell drive, PoUokshields, 

Glasgow, 26 Apr., 1898 



Young, John, Galbraith street, Stobcross, Glasgow, 27 Nov., 1867 
Young, J. Denholm, 2a Tower Chambers, Liverpool, j j^' 23 j^[* 1894 

Young, Thomas, 4 West Regent street, Glasgow, 20 Mar., 1894 
Young, William L., 33/35 Stanley street, Kinning Park, 

Glasgow, 22 Nov., 1898 

Young, William Andrew, Millbam House, Renfrew, 26 Mar., 1895 

Younger, A. Scott, 8 Walmer crescent, Glasgow, 24 Nov., 1896 
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ASSOCIATES. 

*AiTKEN, Thomas; 8 Commercial street, Leith. 

Andrews, Henry W., 128 Hope Street, Glasgow, 21 Dec., 1857 

Allan, Alexander B., Clyde Wire Ropery, Rutherglen, 27 Apr., 1897 

Armour, William Niool, 175 West George street, 

Glasgow, 24 Not., 189S 

Bain, Andrew, 17 Athole gardens, Glasgow, 26 Oct., 1897 

Baillie, Archibald, 2 Balmoral terrace, Glasgow, 25 Jan., 18^ 

Begg, William, 34 Belmont gardens, Glasgow, 19 Dec., 1S8S 

Blair, Herbert J., 30 Gordon street, Glasgow, 23 Feb., 1897 

Brown, Capt. A. R., 24 George square, Glasgow, 21 Dec., 18d7 

fBROWN, John, B.Sc, 11 Somerset place, Glasgow, 25 Jan., 1876 
Bryce, John, Sweethope cottage, North Milton road, 

Dunoon, 18 Jan., 1865 
Cassells, John, Hazel bank, 62 Glencaim drive, Pollok- 

shields, Glasgow, 21 Dec, 1$^' 
Cassels, William, Caimdhu, 12 Newark drive, Poilok- 

shields, Glasgow, 21 Feb., 1883 

Claussen, a. L., 118 Broomielaw, Glasgow, 22 Jan., IS^ 

Dewar, James, 11 Regent Moray street, Glasgow, 22 Dec, 1897 

DOBBIE, W. L., 101 Waterloo street, Glasgow, 20 Dec, 18&^ 

Doddrell, Edward £., 11 Both well street, Glasgow, 26 Oct, 1897 

Ferguson, Peter, 19 Exchange square, Glasgow, 27 Apr., 1897 

Fisher, Walter L., Glenbum Iron works, Greenock, 26 Mar., 1895 

Galloway, James, Jud., Whitefield works, Govan, 

Glasgow, 27 Oct., 1891 

Gardner, James S., 120 Holland street, Glasgow, 23 Mar., 1897 

Goodrich, Walter Francis, 37 Great Pulteney street, 

London, W.. 21 Dec, 189J 

Guthrie, Allan, 2 Whittlnghame drive, Kelvinside, 

Glasgow, 25 Jan., 189^ 

Halliday, George, 45 Torrington square, London, 

W.C, 21 Dec, 1891 

Names marked thus * were Associates of Scottish Shipbuilders* Assooiation tf 
incorporation with InstitntioD, 1865. 

Names marked thus t are Life Associates. 
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HoLLis, H. £., 40 Union street, Glasgow, 23 Nov., 1897 

HoLLis, John, 40 Union street, Glasgow, 23 Nov., 1897 

KiNQHOKN, William A., 81 St. Vincent street, Glasgow, 24 Oct., 1882 

Kyle, John, Cathay, Forres, N.B., 28 Feb., 1897 

M'Ara, Alexander, 65 Morrison street, Glasgow, 22 Nov., 1892 
Macbeth, George Alexander, 65 Great Clyde street, 

Glasgow, 24 Jan., 1899 

MacBrayne, Lawrence, 11 Park Circus place, Glasgow, 26 Mar., 1895 

MacDougall, Dugald, 1 Crosshore street, Greenock, 26 Jan., 1897 

M'Gechan, Robt. K., 17 Oswald street, Glasgow, 26 Apr., 1898 

M'Intyre, John, 33 Oswald street, Glasgow, 28 Feb., 1897 

M'iNTYRE, T. W., 21 Bothwell street, Glasgow, 24 Jan., 1893 

M'MiLLAN, Archibald, DanoUie, Dalmuir, 25 Jan., 1898 
M'Pherson, Captain Duncan, 3 Cecil street, Paisley 

road. West, Glasgow, 26 Jan., 1886 
Mercer, James B., Bronghton Copper works, Man- 
chester, 24 Mar., 1874 
Millar, Thomas, Hazel wood, Langside, Glasgow, 22 Mar., 1898 

Mowbray, Archibald H., c/o Messrs Smith & M*Lean, 

Mavisbank, Glasgow, 22 Feb., 1898 

Morton, Alfred, 8 Prince's square, Glasgow, 22 Feb., 1898 

*Napier, James S., 33 Oswald street, Glasgow. 

Prentice, Thomas, 175 West George street, Glasgow, 24 Nov., 1896 

Reid, John, 80 Gordon street, Glasgow, 22 Dec, 1896 

Rigo, William, 3 Grantly place, Shawlands, Glasgow, 22 Jan., 1889 

Riddle, John C, 8 Gordon street, Glasgow, 15 June, 1898 

Ritchie, James, 40 St. Enoch square, Glasgow, 22 Mar., 1898 
Roberts, William Ibbotson, Globe Steel works, 

Sheffield, 15 June, 1898 

Robertson, William, Oakpark, Mount Vernon, 27 Apr,, 1897 

Ross, Thomas A., Glenwood, Bridge- of- Weir, 20 Mar., 1894 

Service, George William, 175 West George street, 

Glasgow, 24 Nov., 1896 
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Smith, George, 75 Boihwell Btreet, Glasgow, 25 Jan., ISTt 

Smith, John, 2 Doane quadrant, Eelvinside, Glasgow, 28 Feb., 1S8S 

Strachan, G., Fairfield works, Grovan, 26 Oct., ISST. 

Taylor, John, Stanley house, South avenue, Govan, 25 Jan., 159^ 

Wallace, H., 544 St. Vincent street, Glasgow, 27 Apr., IBST 

Warren, Robert G., 115 Wellington street, Glasgow, 28 Jan., lS9f 
Watson, H. J., 5 Oswald street, Glasgow, 

Webster, J. A., Clydesdale works, Sheffield, 23 Nov., 189? 

Weir, Andrew, 102 Hope street, Glasgow, 25 Jan., 1^ 
W^iLD, Charles William, Broughton Copper Company, 

Limited, 49-51 Oswald street, Glasgow, 24 Mar., im 

Wrede, Frederick Lear, 25 Bentinck street, Greenock, 25 Jan., 1898 
YouNQ, John D., Scottish Boiler Insurance Company, 

111 Union street* Glasgow, 19 Dec., 18^ 
YouNQ, William, Galbraith street, Stobcross, Glasgow. 
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Adam, Matthew A., 12a Hydepark mansions, London, 

N.W. 28 Apr., 18&8 

Agnew, William H., Messrs. Laird Brothers, Birkenhead, 28 Nov., 188e 

Albrecht, J. August, 22 fiskdale street, Crossbill, 23 Nov., 1897 

Alison, Alexander £., Devonport, Auckland, New 

Zealand, 22 Nov., 189$ 

Allan, James, 144 Buccleuch street, Glasgow, 24 Jan., I88S 

Anderson, Adam R., Croftvale, Renfrew, 23 Mar., 1897 

Anderson, George C, Mavisbank, Partickhill, Glas- 
gow, 24 Dec., 189$ 
Arbuthnott, Donald S., c/o Messrs Charles Brand & 

Son, 172 Buchanan street, Glasgow, 23 Oct., 188S 

Arnott, Hugh Steele, Ravenswood, Annfield road, 

Partick, Glasgow, 26 Oct., 1897 

Arundel, Arthur S. D., Penn street works, Hoxton, 

London, N., 23 Dec., 1890 

Baker, Frederick, W., 149a Tremont street, Boston, 

U.S.A., 20 Mar., 1894 

Barba, Alfonso G., c/o Messrs. J. M. & £. Montoya, 

Puerto Birrio, Republic of Colombia, 22 Dec, 1896 

Barman, Harry D. D., 27 University avenue, Glasgow, 24 Apr., 1888 

Baxter, Edmund G., 22 Nov., 1892 
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Bell, Norman, 3 Provan place, Montrose street, Glasgow, 27 Oct., 1896 

BBN17ETT, Vttscan, c/o Mills, 91 Kent road, Glasgow, 26 Oct., 1897 

Bertram, R. M., 35 Crow road, Partick, 24 Jan., 1899 

BiNLEY, William, Jun., Box 86, Newport, News, Vir- 
ginia, U.S.A., 21 Mar., 1899 

Blace, John, 51 Montgomerie street, Kelvinside, Glas- 
gow, 25 Oct., 1892 
Blair, Archibald, 15 Craigmore terrace, Partick, 27 Oct., 1885 
Blair, Archibald, Jan., 7 Comnna street, Glasgow, 27 Oct., 1891 
Blair, Frank R., Ashbank, Maryfield, Dundee, 22 Mar., 1892 
Bowie, Robert, 180 Hope street, Glasgow, 20 Nov., 1894 
Bowman, W. D., 22 Dec, 1891 
Boyd, Guy >V., 136 Wellington street, Glasgow, 26 Oct., 1897 
Boyle, Edward S. S., 9 Arlington street, Glasgow, 25 Jan., 1898 
Brand, Mark, B.Sc, Barrhill cottage, Twechar, 

Kilsyth, 24 Jan., 1888 
Brown, Alexander Taylor, 2 Parkgrove terrace, 

Sandyford, Glasgow, 26 Oct., 1897 
Brown, David A., Dnncairn gardens, Belfast, 33 Feb., 1897 
Brown G. J. L., 2 Sandringham terrace, Ayr, 21 Mar., 1899 
Brown, James, 20 Mar., 1888 
Brown, J. Pollock, 2 Park Grove terrace, Glasgow, 18 Dec, 1894 
Bryce, John, 10 Wilton drive, Glasgow, 22 Dec, 1896 
Buchanan, Walter G., 17 Sandyford place, Glasgow, 27 Jan., 1891 
BiTRNSiDE, Bertram W., c/o Mrs Stewart, 16 Fleming- 
ton street, Springbum, Glasgow, 24 Feb., 1891 

Caird, William, 6 Maryon road, Old Charlton, Lon- 
don, S.E., 21 Jan., 1890 
Calder, John, 37 Forest road, Aberdeen, 24 Feb., 1891 
Caldwell, Hugh, Oak house, Blackwood, Newport, 

Mon., 27 Jan., 1391 
Cameron, Hugh, 40 Camperdown road, Scotstoun, 

Glasgow, 25 Oct., 1892 

Campbell, Angus, 25 Stafford road, Southampton, 24 Jan., 1888 
Carslaw, William H., Jun., Parkhead Boiler workp, 

Parkhead, Glasgow, 23 Dec, 1890 
Cassells, Robert D., B.Sc, 62 Glencaim drive, Pollok- 

shields, Glasgow, 28 Oct., 1890 
Chalmers, Alex. D., Electricity works. New Brompton, 

Kent, 27 Oct., 1896 
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Cleland, John, B.Se., Mansion house, Easterhonse, 26 Feb., 18S4 

Clbland, W. a., Yloilo, Philippine Islands, 25 Apr., 1^ 
COGHBANE, Jambs, Resident Engineer's Office, Harbour 

works, Table Bay, Capetown, 27 Oct., Is91 

Cbaig, Albxandbb, Netherlea, Partick, Glasgow, 26 Nov. , 1893 

Obaig, James, Netherlea, Partick, 22 Feb., 1S9S 
Cbaig, James C. M., 3 Tulliallan place. Paisley 

road, W„ Glasgow, 22 Nov. , 189S 
Cbawfobd, James M., 50 North Frederick street, 

Glasgow, 22 Nov., im 

Cbichtox, J., 155 Berkeley street, Glasgow, 23 Nov., 1897 
Cunningham, P. Nisbet, Jan., Easter Keonyhall honse, 

Cumbernauld road, Glasgow, 22 Nov., 1896 

Davidson, Wm. J. J., Castlehill, Renfrew, 22 Nov., 1^98 

Davies, Habby L., 14 Barton street, Westminster, 

London, S.W., 18 Dec., 18^ 

Davies, Pebcy M., 36 Roslea drive, Dennistoun, Glas- 
gow, 24 Jan., 1899 

Dekke, Kbistian S., Bergen, Norway, 22 Dec., 1891 

Devebia, Lewis M. T., c/o Messrs P. M'Intosh & Son, 

129 Stockwell street, Glasgow, 10 Feb., 1»83 

DiACK, James A., 10 Caird drive, Partickhill, Glasgow, 22 Jan., 189S 

Dick, Thomas B., Post office, Vallejo, California, U.S.A., 23 Nov., 1^ 

DoBSON, James, Queen street, Kidsgrove, Staffordshire, 22 Dec., 1896 

Donald, Patbick D., B.Sc, 24 Feb., 1S91 

Donaldson, A. Falconeb, Beech wood, Partick,Glasgow, 27 Oct., 1896 

Donaldson, Geobge, 44 Gardner street, Partick, 22 Nov., 189S 
Douglas, Chables Stuabt, " St Brides,*' 12 Dalzell 

drive, PoUokshields, Glasgow, 24 Jan., 18^ 

Duncan, James Gbieve, 137 Shields road, Glasgow, 22 Nov., 1^ 

DuxLor, Alex., 14 Derby terrace, Sandyford, Glasgow, 21 Dec., 1897 

Dunn, Tubneb, 20 Park circus, Glasgow, 21 Feb., 1S93 

Edmiston, Alex^vndeb a., Ibroz house, Govan, 22 Feb., 189S 

Feist, John Abnold, Taradale cottage, East Peckham, 

Kent. 24 Mar., 1896 

Febgus, Alexandeb, 7 Ibrox place, Glasgow, 22 Dec., 1891 

Fkbguson, James M., 25 Oct, 18S8 
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Ferguson, Lewis, Fergus villa, PaiBley, 22 Jan., 1895 

Ferguson, Peter, Jan., Fergus villa. Paisley, 22 Jan., 1895 

Fergusson, W. L., Hawcoat lane, Abbey road, Barrow- 

in-Farness, 22 Dec, 1891 

FiKDLAY, Louis, c/o Mrs Ferguson, 29 Bentinek street, 

Glasgow, 21 Feb., 1893 

France, James, 8 Hanover terrace, Kelvinside, Glasgow, 26 Oct., 1897 

Fraser, J. Imbrie, 13 Sandy ford place, Glasgow, 27 Apr., 1886 

Fulton, Norman O., Woodbank, Mt. Vernon, Glasgow, 23 Feb., 1892 

Fyfe, Charles F. A., 38 Bumbank gardens, Glasgow, 18 Dec, 1894 

Galbraith, Hugh, 75 Waterloo street, Glasgow, 20 Dec, 1898 

Oalloway, Andrew, U Camphill avenue, Langside, 

Glasgow, 24 Oct., 1893 

Gardner, Hugh, Minas Sch wager, Coronel, Chili, 23 Apr., 1889 

GiBB, John, 48 Waterside street, Kilmarnock, 24 Jan., 1899 

Gibson, Robert £., Engineer's Office, St. Enoch station, 

Glasgow, 25 Jan., 18P8 

<3iLM0UR, Alexander, Barrhead, 22 Nov., 1S98 

Gilmour, Andrew, Kadikoi place, Kilmarnock, 20 Dec, 1898 

Goudie, William J., B.Sc, 92 Albert drive, Crossbill, 

Glasgow, 21 Dec, 1897 

•GouRLAY, James, 11 Crown gardens, Dowanhill, 

Glasgow, 27 Oct., 1891 

GOURLAY, R. Cleland, 11 Crown gardens, Glasgow, 24 Dec, 1895 

Go VAN, William A., Westholme, West Kilbride, 18 Dec, 1894 

Graham, George, 3 Park terrace, Govan, 22 Nov., 1898 

Grunino, Henry H., 5 Park terrace, Govan, 20 Dec, 1898 

Harvey, Ernest Rivers, 22 Mar., 1898 

Hay, William, 20 Dec, 1892 

Henderson, Charles A. , 251 St. Vincent street, Glasgow, 24 Jan., 1899 

Henderson, Harry Esdon, 129 Paisley rd. W., Glasgow, 22 Nov., 1898 

Hepting, F. W. L., 2 Albert mansions. Crossbill, Glasgow, 20 Nov., 1894 
Holland, Henry Norman, c/o Bowman, 366 New City 

road, Glasgow, 22 Nov., 1898 
Horn, Peter Allan, 201 Kent road, Glasgow, 26 Oct., 1897 
Houston, Percival T., 22 Lancaster Gate, London, 22 Nov., 1898 
Houston, William C, 4 Abbotsford place, Glasgow, 26 Oct,, 1897 
HowsoN, George, c/o Macdougall, 9 Buckingham ter- 
race, Partick, 22 Dec, 1891 

Hudson, Gerard, Drawing office, Clydtbank shipyard, 

Clydebank, 22 Jan., 1895 
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Inc. LIS, John F., Pointhouse Shipyard, Partick, 26 Oct, 1897 

Innes, W., 11 Walmer terrace, Glasgow, 22 Feb., 189* 

Irvine, Archibald B., 8 Newton terrace, Glasgow, 20 Nov., ISW 



Johnstone, Alexander C, 7 Blackburn street, Paisley 

road, West, Glasgow, *i5 Jan., ISSS 

Johnstone, Robt., 298 Byres road, Partick, 26 Apr., ISK 

Jones T. C, Rose Cottage, Langlands road, Govan, 23 Nov. , IST 

Judd, Edwin H., 65 South Cromwell road, Crossbill, 20 Dec., 18S^ 

Kay, Alexander J., 38 Hill street, Gamethill, Glasgow, 24 Oct., ISIS 

Kemp, John, 1 Thornwood terrace, Partick, Glasgow, 28 Oct., 1S>' 
Kemp, Robert G., 2 Ravenscroft avenue. Conns water, 

Belfast, 28 Oct., i$9} 
King, Charles A., G.N.R. works' office, Shirebrook, 

Derbyshire, 25 Apr., 1^ 

Kino, John, 16 Lefroy street, Newcastle*on-Tyne, 26 Jan., l$?« 
KiNMONT, David W., Railway Contractor's office, Lark< 

hall, 20 Feb., l^^i 

Kirk, John, 4 Minard terrace, Partickhill, Glasgow, 20 Nov., l^ 
KiRKWOOD, William D., 30 Queen Mary avenue, 

Glasgow, 26 Oct, 1897 

Knox, Alex., 12 Westbank terrace, Hillhead, Glasgow, 23 Nov., iffiC 

Laing, Robert, Northbank, Partickhill, Glasgow, 21 Feb., 18SS 

Lamont, Thomas W., Hawkhead works. Paisley, 22 Nov., 1895 

Lauder, Thomas H., Parkhead forge, Glasgow, 19 Dec., 1SS3 

Law, Alexander, 44 Dowanhill street, Partick, 26 Apr., 1S8< 
Le Claiu, Louis J., 6 Petershill road, St. Rollox, 

Glasgow, 24 Nov. , 1896 

Lee, John, 15 St. John street, Mansfield, 26 Jan., 1^ 
Leitch, William Orr, Jun., Engineer's Department, 

Imperial Railway, Tientsin, North China, 22 Dec., 1^1 
Lennox, Alexander, 34 Glasgow street, Hillhead, 

Glasgow, 23 Jan., 18^ 

Lennox, George K., 28 Apr., 1896 

Leslie, John, 29 Elder Park street, Govan, Glasgow, 20 Dea, ISSe 
Lloyd, Herbert J., Heathcote, 11 Greenlaw avenue. 

Paisley, 21 Dec., 1897 
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M'Arthur, Archibald, 19, Ainalie gardemi, Partiek- 

hill, Glasgow, 24 Jan., 1893 
Magcallum, Patrick F., Milton House works. Abbey 

hm, Edinburgh, 2 Nov., 1880 

Macdonald, John F., 5 Caird Drive, Partickfaill, 21 Dec., 1897 
MacEwan, Henry, 5 Cathkin terrace. Mount Florida, 

Glasgow, 27 Oct., 1891 

M'EwAN, John, 8 Norse Road, Scotstoun, Glasgow, 26 Oct., 1887 
Macfarlane, Duncan, Jnn., 25 St Andrew's drive, 

PoUokshields, Glasgow, 26 Oct, 1897 
M*Gann, M. R, 23 Mar., 1897 
M'GiLLiYRAY, John A., 167 Broomloan road, Govan, 26 Oct, 1897 
M'Grkoor, John L., Coatbank Engine works, Coat- 
bridge, 28 Jan., 1896 
M'HouL, John B., 2 Windsor terrace, Langside, Glasgow, 24 Jan. , 1899 
MIntosh, George, Danglass cottage. Bowling, 22 Jan., 1895 
M'Intosh, John, Oak bank. Bowling, 22 Jan., 1895 
Macintosh, John. 7 Park quadrant, Glasgow, 18 Dec., 1894 
Mackay, Harry J. S., 13 Spring Head, Edgbaston, 

Birmingham, 22 Feb., 1898 
Mackay, Lewis C, Jun., 2 Maybank street, Crosshill, 

Glasgow, 22 Dec, 1896 

Mackie, James, 478 St. Vincent street, Glasgow, 23 Mar., 1897 

Mackik, Thomas P., 27 Alexander street, Glasgow, 23'Feb., 1897 

Mackie, William, 29 Thomson street, Govan, 21 Dec., 1897 

M*KiNNELL, Robert, 56 Dundas street, S.S., Glasgow, 26 Feb., 1883 
Mackintosh, Robert D., Bellevue place, Gamgad hill, 

Glasgow, 20 Nov., 1894 
McLean, Joseph M., c/o Shaw, 53 South street, Hud- 

dersfield, 26 Apr., 1898 
MACLEOD, T. TORQ. M., c/o Robertson, 5 Prince of Wales 

terrace, Byars road, Glasgow, 27 Oct., 1896 
Machillan, Campbell, B.Sc , 32 Gibson street, 

Glasgow, 24 Nov., 1896 
M'Vitab, Andrew, 4 Clutha street, Paisley road, West, 

Glasgow, 21 Dec, 1886 

M'Whirter, Anthony C., 214 Holm street, Glasgow, 21 Dec., 1897 
Maitland, Cree, Manager. Sanger Ujong Railway, 

Port Dickson, Malay Peninsula, 22 Feb., 1887 

Maitland, John, 155 North street, Glasgow, 20 Nov., 1894 

Mather, John Boyd, Kirkhill, Meams, 20 Mar., 1894 

29 



450 GRADUATES. 

Menzies, George, 20 St. Vincent crescent, Glasgow, 22 Jan., 1SS8 

Menzies, Robert, 22 Jan., 1899 
Mercer, John, c/o Miss Beny, 2 Glenavon terrace. 

Crow road, Partick, 22 Oct, 1895 

Millar,JohnS., 22 Rothesay gardens, Partick, 20 Nov., 1894 
Millar, Thomas, Sir W. G. Armstrong, Whitworth & Co., 

Ltd., Walker Shipyard, Newcastleon-Tyne, 25 Nov. , 18SI 

Miller, Alexander, 2 Ailsa terrace. Billhead, Glasgow, 22 Nov., 1&$ 

Miller, James, 20 lona place, Mt. Florida, Glasgow, 22 Nov., 1893 

Miller, James William, 13 Dmmoyne drive, Govan, 20 Dec., 1898 

Miller, John, 811 Govan road, Govan, Glasgow, 23 Apr., 1889 

Miller, Robert F , 10 Windsor terrace, West, Glasgow, 25 Feb., 18C0 
Mitchell, Charles, 1 Cambridge terrace, Pollokshields, 

Glasgow, 25 Jan., 189S 

Mitchell, R. M., 24 Howard street, Bridgeton, Glasgow, 23 Nov., 1897 
MoLLisoN, Hector A., B.Sc., 6 Hillside gardens, 

Partickhill, Glasgow, 22 Nov., 1892 
Morrison, Arthur M., 15 Albion crescent, Dowanhill, 

Glasgow, 17 Dec, 18S9 

Morrison, A., Alt-na-craig, Greenock, 23 Nov., 1897 

MoRT, Arthur, c/o Mrs French, 71 Church lane. Old 

Charlton, Kent, 26 Jan., 1897 

Morton, Charles C, Ingleside, The Park, Waterloo, 

Liverpool, 25 Jan., 18$^ 

Morton, W. Reid, Strathview, Bearsden, 26 Oct, 1897 

Mow at, Magnus, 12 Talbot lane, Leicester, 26 Oct, 1897 

MuiR, Andrew A., 23 Randolph gardens, Partick, 22 Nov., 1898 

MuiR, James H., 140 Bath street, Glasgow, 26 Jan., 189i 

Muxrhead, WiLLLAM, ClobcrhiU, Knightswood, Mary- 
hill, Glasgow, 28 Apr., 1891 

MuMME, Ernest C, c/o Agent and Chief Engineer, 

Bengal and North- Western Railway, 

Gorakpur, North- West Provinces, India, 22 Nov., 1892 

Murdoch, John A., 7 Park Circus place, Glasgow, 25 Oct, 1892 

Murphy, B. Stewart, c/o C. H. Bailey, Esq., Barry 

Dock, Cardiff, 24 Oct, 1893 

Myles, David, Northumberland Engine works, Walls- 

endon-Tyne, 20 Dec-, 1887 

Mylne, Alfred, 116 Woodlands road, Glasgow, 26 Jan , 1897 

Napier, John S., Herbertshire, Denny, 26 Jan., 1892 



GRADUATES. 451 

Newton, Charles A., 11 Carnarvon street, GlasfKOW, 26 Jan , 189g 

Nicholson, Thomas, 26 Jan., 1886 

NiVEN, John, 36 Princes sqnarc, Strathbnngo, Glasgow, 22 Nov., 1898 

No WERY, William, 37 Derby street, Glasgow, 21 Dec., 1897 

Orr, J., 63 Bentinok street. Glasgow, 22 Oct., 1895 

Orr, John, B.Sc., South African College, Cape Town, 26 Mar., 1895 

Osborne, Hugh, 30 Rose street, Gamethill, Glasgow, 22 Dec, 1891 

Osborne, Marshall, Ashlea, Clooney, Londonderry, - 22 Dec, 1891 

Paterson, James V., 307 Walnut street, Philadelphia, 

U.S.A., 24 Jan., 1888 

Paterson, Joseph Barr, 15 Eldon street, Glasgow, 22 Mar., 1898 
Paton, Thomas, 1 Rosemonnt terrace, Ibrox, Govan, 

Glasgow, 20 Dec, 1892 
Pollock, Gilbert F., 10 Beechwood drive, Tollcross, 

Glasgow, 27 Jan., 1891 

POLLOK, John, Portland park, Hamilton, 22 Feb., 1898 

Portch, Ernest C, 37 Vicars hill. Lady well, Kent, 26 Oct., 1897 
Preston, John C. , Assistant Engineer, Brisbane Board 

of Water works, Brisbane, Queensland, 6 Apr. , 1887 

Prentice, Hugh, Millbank, Yoker, 26 Apr., 1898 

Pringle, William S., 97 Desswood place, Aberdeen, 24 Oct., 1893 

Ralston, Shirley B., 34 Gray street, Glasgow, 23 Feb., 1897 

Ranken, Francis, 11 Spence street, Newington, Edin- 

burgh, 22 Nov., 1898 

Raphael, Robert A., 150 Renfrew street, Glasgow, 24 Dec, 1895 

Reid, David^H., Attiquin, Maybole, 26 Oct., 1887 

ReiD, Henry P., 12 Grantly gardens, Shawlands, Glas- 
gow, 20 Dec, 1898 

Reid, James, 128 Dumbarton road, Glasgow, 22 Oct., 1895 

Reid, Walter, 26 Feb., 1834 

Richmond, James, 24 Sutherland terrace, Hillhead, 

Glasgow, 23 Jan., 1894 

Richmond, John H., Tyne Commission works, New- 
castle- on-Tyne, 23 Jan., 1894 

Ritchie, James, Wraymont yillav«, Bloomiield, Belfast, 26 Oct., 1897 

Robertson, Alexander, 272 Darnley street, Poliok- 

shields, Glasgow, 26 Oct., 1886 

Robertson, Edward F., 28 Oct., 1890 

Rodger, Anderson, Jud., Glenpark, Port-Glasgow, 15 June, 1898 



452 GRADUATES. 

Roger, George Wiluam, Irrine Shipbuilding and 

Engineering Coy., Ltd,, Irvine, 24 Nov., 1896 

Ross, J. R., 64 Sandyford atreet, Glaagow, 25 Oct., 1896 

Roy, William, 66 Mesnley road. Manor park, Essex, 25 Jan., 1898 

Russell, James, 63 Southfield road, Middlesbroogh, 22 Dec., 1891 

Sadler, Herbert C, B.Sc., 2 Minard terrace, Partick- 

hUl, Glasgow, 19 Dec, 1893 

ScoBiE, Alexander, Culdees, Partickhili. Glasgow, 27 Oct., 1885 

Scott, Harry, 76 Kenmare st., Pollokshields, Glasgow, '22 Dec, 1896 

Scx)TT, John R., 61 Love street. Paisley, 21 Dec, 1897 

Scott, Thomas R., 101 Mayfield road, Edinburgh, 22 Dec, 1896 

Seath, Thomas R, Sunny Oaks, Langbank, 28 Mar., 1886 

Seath, William Y., Sunny Oaks, Langbank, 23 Mar., 1886 

Sexton, George A., 1 Hamilton terrace, W., Partick, 24 Nov., 1896 

Sharpe, William, Engineer-in-Chief's office, Natal 

Government Railway, Maritzburg, Natal, 24 Dec, 1896 

Shaw, John J., 12 Lynedoch place, Glasgow, 24 Apr., 1894 

Sibbald, Thomas Knight, c/o Messrs Cook & Son, 

Cairo, Egypt, 26 Oct, 1897 

Simpson, David C, 1 Fairlie Park drive. Crow road, 

Partick, 20 Dec, 1892 

Sloan, John Alexander, 11 Rose street, Garnethill, 

Glasgow, 25 Jan., 18SI6 

Smith, Alexander, 5 Donne quadrant, Kelvin&ide, 

Glasgow, 34 Nov., 1891 

Smith, Charles, 3 Rosemount terrace, Ibrox, 24 Apr., 1894 

Smith, George F., 11 Woodside terrace, Glasgow, 26 Oct., 1897 

Smith, James, 20 Dumbarton road, Glasgow, 20 Dec, 189S 
Smith, James A., Union Bank house, Virginia place, 

Glasgow, 18 Dec, 1894 
Smith, James S., c/o Miss Montgomerie, 121 Kenmure 

stieet, Pollokshields, Glasgow, 22 Nov., 1896 

Spalding, William, 632 St, Vincent street, Glasgow, 25 Oct, 1892 
Sperrv, Austin, 2100 Pacific avenue, San Francisco, 

U.SA., 23 Mar., 1897 
Stark, James, Messrs Swan and MacLaren, Penang, 

Straits Settlements, 22 Dec, 1891 

Steel, James, 84 Old Broad street, London, E.C., 26 Jan.. 1892 
Steele, David J., Davaar, Albert drive, Pollokshields, 

Glasgow, 20 Dec, 1896 

Steven, David M., 18 Sandyford place, Ghwgow, 15 June, 1898 



I 



GRADUATES. 453 

Steven, J. M., 2 Hampton Coart terrace, Glasgow, 20 Dec, 1892 

Steven, John A., 12 Royal crescent, Glasgow, 22 Nov., 1881 
Stevens, Clement H., c/o Messrs Blandy Bros. & Co., 

Las Palmas, Grand Canary, 22 Dec., 1891 

Stevenson, Archibald, Yloilo. Philippine Islands, 25 Apr., 189S 

Stevenson, George, Hawkhead, Paisley, 22 Nov., 1898 
Stevenson, William, Bank Chambers, Sandhill, New- 

castle-on-Tyne, 25 Jan., 1881 

Stewart, Henry, 26 Evelyn avenue, Bloomfield, Belfast, 26 Oct., 1897 
Stirling, Andrew, Messrs Denny & Co., Engine works, 

Dumbarton, 21 Dec, 1875 

Stove, Thomas R, 26 Feb., 1895 

SWiiN, James, Arcadia street, Dorchester, Mass., U.S A., 23 Mar., 1897 

Symington, James R., Dardene, Kilmalcolm, 21 Dec, 1886 



Taylor, J. F., c/o Young, 300 Duke street, Glas- 
gow, 23 Nov., 1897 
Thomson, Ambrose H., Surveyors' Department, Court 

house, Marylebone lane, London, W., 24 Mar., 1891 

Thomson, Frederick, 18 Westbank terrace, Billhead, 

Glasgow, 26 Jan., 1892 

Thomson, Graham H., Jun., 2 Marlborough terrace, 

Glasgow, 22 Feb., 1898 

Thomson, James, Hayfield, Motherwell, 20 Nov., 1894 

Tod, Peter, Messrs C. & H. Crichton & Company, En- 
gineers. Victoria road, Liverpool, 27 Oct., 1885 
Tod, William, c/o Miss Granger, 24 St Vincent cres- 

cent, Glasgow, 22 Feb., 1898 

TuRNBULL Campbell. 39 Victoria street, Westminster, 

London, 27 Oct., 1891 

Turn BULL, James, Hillcrest, Mansion-house road, Lang- 
side, Glasgow, 22 Mar., 1892 
Turnbull, W. L., 18 Blythswood square, Glasgow, 27 Oct., 1891 
TURPIN, C, 874 Govan roud, Govan, 23 Nov., 1897 

Walker, G. Underwood, 56 Woodhead street, Dun- 
fermline, 21 Mar., 1893 
Walker, John, 1 Church road, Ibrox, Glasgow, 20 Nov., 1894 
Wallace, John, Jun., 12 Kelvingrove street, Glasgow, 26 Jan., 1892 
Wallace, John, 224 Meadowpark street, Glasgow, 21 Feb., 1899 



454 GRADUATES. 

Wannop, Chables H., MesBrs Barday, Curie & Co., 

Limited. Finnieeton quay, Glasgow, 24 Feb., 1883 

Watson, John, c/o Alexander Fleming, Esq., 9 Wood- 
side crescent, Glasgow, 22 Nov., 1898 
Watson, Robert, 2 Glencaim drive, PoUokshields, 

Glasgow, 22 Mar., 1881 

Watt, Harry, 2 Cambridge terrace, PoUokshields, 

Glasgow, 20 Dec., 1892 

Watt, Robert D., Messrs Butterfield & Swire, French 

Bund, SbanKhai, China, 27 Apr., 1880 

Weddell, Alexander H., Park villa, Uddingston, 22 Dec, 1896 

Welsh, George Muir, 3 Princes gardens, DowanhiU, 

Glasgow, 21 Dec, 1897 

Wemyss, George B., 67 Elliot street, Hillhead, Glas- 
gow, 28 Nov., 1882 
Wharton, Fred., 17 Moorfield road, W. Didsbury, 

Manchester, 26 Oct, 1897 

White, Hedley G., 3 Glenan gardens, Helensburgh, 24 Jan., 1899 

Whitehead, John, Eccleston, Wallace st., Kilmarnock, 18 Dec, 1883 

Whittelsey, Henry N., 33 Substation, New York, 23 Mar., 1897 

Wilson, John H., 4 Underwood, Paisley, 27 Oct., 1896 

Woods, Joseph, 4 Selborne gardens, York road, Ilford, 

London, 25 Feb., 1896 

Wright, Robert, c/o Hepple, 17 Co-operative terrace, 

Sunderland, 26 Oct, 1897 

Wright, Thomas B., 2 Berkeley terrace, Glasgow, 20 Dec, 1898 

Young, John, Jr., Fernbank, Kirkintilloch, 23 Nov., 1897 



INDEX. 



Paos 

Abstract of House Expenditure Accoant, ... ... ... 392 

Accessibility of Feed- Water Filters, ... ... ... ... 117 

Accuracy of Tchebycheff's Rule, ... ... ... ... 179 

Additions to Library, ... ... ... ... ... 394 

Address, Inaugural, ... ... ... ... ... ... 93 

Agnew, George Alexander, Memoir of, ... ... ... ... 402 

Analysis of Muntz Metal, ... ... ... ... ... 81 

Anniversary Dinner, ... ... ... ... ... ... 361 

Application of TchebycheflTs Rule, ... ... ... ... 180 

Architecture of Metals, Internal, ... ... ... ... 75 

Aran's Electric Carrent Meter, ... ... ... ... 151 

Auld, David, Memoir of, ... ... ... ... .. 402 

Auxiliary Pump, ... ... ... ... ... ... 280 

Balance Sheet, ... ... ... ... ... 390 

Bostian's Electric Carrent Meter, ... ... ... ... 148 

Board of Trade Unit, ... ... ... ... ... ... 146 

Boiler Evaporation, ... ... ... ... ... . . 58 

Boiler, "Weir," ... ... ... ... ... ... 17 

Boilers, Marine return tubular, ... ... ... ... 280 

Boilers, Water-tube, Combustion in, ... ... ... ... 12 

Books added to Library, ... ... ... ... ... 394 

Brazing, Deterioration of, ... ... ... ... ... 83 

Caisson, Description of, ... ... ... ... 271 

Calibration of Electric Meters, ... ... ... ... ... 153 

Centrifugal Force, ... ... ... ... ... ... 232 

„ Machine, Mechanics of, ... ... ... 232 

Charges for Electric Energy, ... ... ... ... 156 

Chatsworth, Excursion to, ... ... ... ... ... 91 

Circulating Pump, ... ... ... ... ... ... 283 

Clockwork Meters, Electric Current, ... ... ... ... 151 

Combustion, ... ... ... ... ... ... ... 14, 44 

„ in Water-tube Boilers, ... *V^'^' ... ... ... 12 



456 



INDEX. 



Committee, Keception, 

Comparisons of Similar Structures and Machines — by Profesaor 
Archibald Barr, D.Sc. 

Strength of Si milar S tmctores, 

Deformation of Stmctares, 

Inflaence of Weight of Stmctares, ... 

Stability of Stmctures, 

Sospension of Bodies in Flnids, 

Powers and Weights of Similar Engines, 

Discussion, 
Contents, ... ... ... 

Correspondence— 

« « • • » 

A Member — The Mechanics of the Centrifugal Machine, 252. — 
Mr J. Rennie Baraett—TchebychefTs Formula, 204.— Mr 
George H. Baxter — Mechanics of the Centrifugal Machine, 
305, 313, 316, 317, 320.— Mr W. Crockatt— Feed -Water 
Filters, 127.— Messrs Gwynne & Co. — Mechanics of the 
Centrifugal Machine, 312, 314, 316. 317.— Mr Anthony 
Harris-Feed- Water Filters, 133.- Mr W. Hok— Tcheby- 
chefi's Formula, 205. —Mr Joseph Jonas — Decimal System 
of Weights and Measures, 367.— Mr J. H. Macalpine— 
Formation of Hailstones, 354, 35b. — Mr C. A. Matthey- 
Mechanics of the Centrifugal Machine, 257 ; Meters and 
Systems of charging for Electric Energy, 172.— Mr E. 
Odagiri— Feed -Water Filters, 130.— Prof. John Perry— 
TransmiBsion of Heat, 63.— Prof. Osborne Reynolds— 
Formation of Hailstones, 355.— Mr William Rigg— Feed- 
Water Filters, 130.— Mr F. J. Rowan— Combustion in 
Water- Tube Boilers, 22; Transmission of Heat, 61.— Mr 
Nisbet Sinclair— Feed- Water Filters, 121.— Mr James Syme 
—Feed- Water Filters. 129.— Watt's letters— Decimal System 
of Weights and Measures, 369.— Mr James Weir— Four- 
Crank Engines, 219. 

Council Report, 

\^uiveniS, j^ocK, ••• .•• ••• ••• •«• ••• 



I 



322 
327 
329 
333 
^1 
344 
34S 
351 

V. 



3S5 

275 



Deceased Members, 
Deformation of Structures, 
Design, Property in, ... 
Deterioration of Brazing, 
Dinner, Anniversary, ... 



■ • • ■ ' 



402 
329 

101 

83 
361 



INDEX. 45t 



PAOB 



I>inner Institntion, at Sheffield, ... ... ... ... 86 

DiflcnflBion on Papera — 

KemarksbyMr James Andrews— Fonr-crank Engines, 223. — 
Professor J. O. Arnold — Internal Architecture of Metals, 
84. — Mr William Amot — Meters and Systems of Charging 
for Electric Energy, 173. — Professor A. Barr — Combostion 
in Water-tabe Boilers, 27 ; Transmission of Heat, 69 ; 
Tchebycheff's Formula, 199 ; Mechanics of the Centrifugal 
Machine, 254, 255, 257 ; Similar Structures and Machines, 
357. — Mr George H. Baxter — Graviug Bock Machinery, 
304. — Mr A. S. Biggart — Graving Bock Machinery, 
292, 305.— Professor J. H. Biles— TchebychefTs Formula, 
207.— Mr Robert Caird— Tchebycheflf's Formula, 190, 196, 
202. — Mr J. B. Cormack — Meters and Systems of Charging 
for £lectric Energy, 169. — Mr Sinclair Couper — Combustion 
in Water-tube Boilers, 31 ; Feed- water Filters, 139.— Mr 
James Gilchrist — Internal Architecture of Metals, 84. — Mr 
G. Gretchin — Combustion' in Water-tube Boilers, 23. — 
Mr George Halliday — Combustion in Water- tube Boilers, 
27 ; Transmission of Heat, 70.— Mr T. A. Hay ward- 
Graving Bock Machinery, 292.— Mr J. R. Jack— Tcheby- 
cheff's Formula, 197. — Professor A. Jamieson— Meters and 
Systems of Charging for Electric Energy, 166 ; Mechanics 
of the Centrifugal Machine, 253, 255. — Mr Charles C. 
Lindsay — Graving Bock Machinery, 292 —Mr W. J. Luke 
— Tchebycheff^s Formula, 192.— Mr J. H. Macalpine — 
Similar Structures and Machines, 352, 358, 359.— Mr C. A. 
Matthey — Transmission of Heat, 66; Mechanics of the 
Centrifugal Machine, 255. — Mr H. A. Mavor — Meters and 
Systems of Charging for Electric Energy, 171. — Mr James 
B, Mercer — Internal Architecture of Metals, 84. — Mr James 
Mollison — Combustion in Water- tube Boilers, 24; Internal 
Architecture of Metals, 84 ; Feed- water Filters, 139. — ^Mr 
B. H. Morton— Graving Bock Machinery, 295.— Mr R. T. 
Napier — Transmission of Heat, 68 ; Feed-water Filters, 
141 ; Tchebycheff's Formula, 198 ; Mechanics of the 
Centrifugal Machine, 254, 257 ; Similar Structures and 
Machines, 351 - Mr Matthew Paul — Combustion in Water- 
Tube Boilers, 31 ; Four-Crank Engines, 221.— Mr F. P. 
Purvis— Tchebycheff's Formula, 196.— Prof. W. Ripper- 
Combustion in Water-Tube Boilersi 25.— Mr F. J. Rowan 



458 



INDEX. 



—Feed- Water Filters, 136 —Mr A. £. Shate^Feed-Water 
Filters, 142.— Mr C. E. Stromeyer— ComboBtioii in Water- 
Tube Boilers, 26 ; TransmissioQ of Heat» 66.— Mr G. W. 
Thode — Combustion in Water-Tube Boilers, 33 ; Mr John 
Thorn — Combustion in Water-Tube Boilers, 29; Feed- 
Water Filters, 140 ; Four-Crank Engines, 221, 227.— Mr E. 
Creorge Tidd — Meters and Systems of Charging for Electric 
Energy, 169.— Mr W. C. Warden— Four-Crank Engines, 
222.— Prof. W. Watkinson— Combustion in Water- Tube 
Boilers. 30; Transmission of Heat, 65; Feed- Water Filters, 
141 ; Similar Structures and Machines, 3ol. —Mr James 
Weir— Combustion in Water-Tube Boilers, 37 ; Feed- Water 
Filters, 140. 
Deck Culverts, 

Dimensions of Clyde Trustees' No. 3 Graving, 

Division gates, ... 

Equipment, 

Pumping Machinery, 

,, ,, performance of 

Donations to the Library, 



PASS 



>t 



ft 



)> 



ft 



if 



275 
267 
S69 
268 
277 
284 
393 



»i 
f* 
I) 
I* 
»» 
ft 
ff 



Electric Current Meter, Edison's, ... ... ... .■• 147 

,, L iwrie Hall's, ... ...' ... ... 148 

Bastian's, ... ... ... ... 148 

Ferranti's, ... ... ... ... 148 

Hookham's ... ... .-. 149 

Elihu Thomson's ... ... — ISO 

Shallenberger's, ... ... ... 151 

Perry's, ... ... ... ... 151 

Aron's, ... ... ... ... 151 

Lord Kelvin's ... ... .■■ ... 152 

Electric Energy, Charges for, ... ... ... ... ... 156 

Engineering Progress, ... ... ... ... ... ... 93 

Engines, Four-crank, ... ... ... ... ... 213 

„ Inverted, direct-acting, ... ... ... ... 279 

„ Powers and Weights of similar, ... ... ... 348 

Examples of Four-a-ank Engines and their AumUiaries ^hy Mr 

John Thom, ... ... ... ... ... ... 213 

" Parole " type of Valves, ... ... ... ... ... 213 

Results of Trials, ... ... ... ... ... ... 217 

Discussion, ... ... ... ... ... 221 



It 

It 
tt 

it 
It 
tt 
tt 
f • 
f» 



INDEX. 



459 



£xcargion to Haddon Hall and Chatsworth, 

„ Welbeck Abbey, ... 

Exhibitions, International, 
Expenditure and Income Account, 



PAOK 

91 

91 

100 

388 



Feed-Pomps, ... 

leed Water Filters^hy Mr A. R Shute, 

Filter deposit, 

Types of Filters, ... 

Area of Filtering medium, ... 

Space occupied. 

Accessibility, 

Discussion, 
Ferranti's Electric Current Meter, 
Financial Statement, ... 
Findlay, Edward Walton, Memoir of, ... 
Fluids, Suspension of bodies in, 
Formula, M. TchebychefiPs, 
Four-crank engines, 

„ „ Results of trials of. 

Furnace gases, 

temperature, ... 



>» 



282 
284 
109 

no 

113, 117 
115 
117 
117 
136 
148 
388 
403 
344 
176 
213 
217 
42 
44 



Coodfellow, Joseph, Memoir of, 
Graham, George, „ „ 

Graving Dock Machinery, 
Gray, William, Memoir of. 
Gyroscope, Properties of, 

Haddon Hall, Excursion to, 

Harvey, Charles Randolph, Memoir of, .. 

Heat, Transmission of, 

Heating Surface, 

Hookham's Electric Current Meter, 

House Expenditure Account, Abstract of. 

Hydraulic Power, 



405 
406 
267 
411 
245 

91 
408 
48 
16 
149 
392 
276 



Inaugural Addrew — by the President, 
Engineering progress, 
International Exhibitions, ... 



93 

95 

100 



460 INDEX. 

Property in design, ... ... ... ... ... K*4 

Income and Expenditure Account, ... ... ... ... >> 

Influence of weight of Btructures, 



Institution Dinner at Sheffield, ... ... ... 96 

InstitutioD, Papers read before the, ... ... 12,41,75,93, l^O, 

146, 176, 213, 232, 267, ZH 

ntererystalline cohesion, ... ... ... ... '»'* 



'* James Watt'' Anniversary Dinner, ... *.. ... 361 



Laing, William, Memoir of , ... ... ... ... ... 4<*^ 

Libraries, etc., which receive the Institution Transactions, ... Si*" 

Library, Books added to, ... ... ... ... ... 3H 

Committee, Report of, ... ... ... ... 31i» 

Donations to, ... ... ... ... 3^ 

Periodicals received at, ... ... ... ... 3l^ 

Kecommendation Book, .« ... ... ... 4<> 

List of Members, ... ... ... ... ... ... 41S 

List of OflSce-Bearers, ... ... ... ... ... ... iil 

Local Reception Committee at Sheffield, ... ... ... I 

Lord Kelvin's Electric Curreat Meter, ... ... ... ... IS 

Lowrie Hall's „ ,, „ ... ... ... ... Us 



ft 
}f 



>> 



Machinery, Performance of , ... ... ... ... ... 2S4 

„ Pumping, ... ... ... ... .. iTT 

Mechanical Properties of Steel, ... ... ... ... 79 

Members, List of, ... ... ... ... ... ... 413 

Membership Subscription Rates, ... ... ... ... 4<>.^ 

Memoirs of Deceased Members, , . ... ... ... 4"Ji 

Menzies, William, Memoir of, ... ... ... ... ... *v 

Minutes of Proceedings, ... ... ... ... ... 2u2 

Meters and Systems of Charging for Electric Energy — by Mr Wm. 

.A.xvMOX, ... ... ... ... ... ... 14o 

Board of Trade Unit, ... ... ... ... ... 146 

Types of Meters, .. ... ... ... ... 147 

Calibration of Meters, ... ... ... 13 

Charges for Electric Ell erg}*, ... ... ... ... I.*^ 

Discussion, ... ... ... .. ... ... 16^ 

Murdoch, James, Memoir of, ... ... ... ... ... 41" 

Mantz Metal, Micrographic Analysis of, ... ... SI 



INDEX. 



461 



New Books added to the Library, 



PAOK 
... dvd, «fll4 



\JO\ViULFjf ••• ..■ «•• ••• ... .•• ••• 4lAb 

Office- Bearera, ... ... ••• ... ••. .». iii. 

On M, Tchebi/cheff*s Formtda, by Professor J. Harvard Biles, ... 176 

Simpson's Rales, ... ... ... ... ... ... 177 

Trapezoidal Kale, ... ... ... ... ... 178 

Accaracy of Tchebycheff's Rale, ... ... ... ... 179 

Application of „ ,, ... ... ... ... 180 

Discussion, ... ... ... .. ... 190 



Papers read, ... 



12, 41, 75, 93, 109, 146, 176, 213, 232, 267, 322 



* * Parole " type of Valves, 

Performance of Machinery, 

Periodicals received at the Library, 

Perry's Electric Carrent Meter, ... 

Portrait Albam, 

Powers and Weights of similar Engines, 

Premiams for Papers, ... 

Presidents of the Institution, 

Proceedings, Minutes of. 

Programme of Proceedings at Sheffield, ... 

Pumping Machinery, ... 

Pumps and Connections, 



213 

284 
399 
151 
400 
348 

• • 

Vll. 

iv. 

372 

4 

277 
277 



Reception Committee at Sheffield, 

Reception of Members and Friends in Town Hall, Sheffield, 

„ „ President and Council at Sheffield, 
Report of the Council, 

„ of the Library Committee, 

Shallenberger's Electric Current Meter, 

Similar Engines, Powers and weights of, 

Simpson's Rules, 

Societies exchanging Transactions with the Institution, ... 

Steam and Exhaust Pipes, 

„ Travelling Crane, 
Steel, Mechanical properties of. 
Strength of Similar Structures, 
Sir actures aud Machines, Similar, 

„ Deformation of, 

,, Intluetf^e of Weight of, 



1 
91 

9 
385 
393 

151 
348 
177 
396 
283 
277 
79 
327 
322 
329 
332 



3 



462 INDEX. 

P.I T 

Structures, stability of, ... ... ... ... ... ^' 

,, Strength of similar, ... ... ... ... ... SST, 

Summer Meeting at Sheffield, ... ... ... ... 1 

,, ,, Programme, ... ... ... .>> >•• ^ 

,, ,, Proceedings, ... ... ... ■.. ..• ^ 

Suspension of Bodies in Fluids,... ... ... ... ... 344 

Tait, James, Memoir of, ... ... ... ... ... 4\& 

Tank for Feed-pump, ... ... ... ... ... ... "2^ 

Tchebycheffs Formula, ... ... ... -. ..- 176 

The Internal Architecture of Metals — by Professor John Oliver 

xxKNOLD, ... ... ... .. ... ■«. 4v 

Intercrystalline Cohesion, ... 

Mechanical Properties of Steel, ... ... .. ... 79 

Micrographical Analysis of Miinifr Metal, ... ... ... 81 

Deterioration of Brazing, ... ... ... ... ^3 

LiT IBCUsSlOIl , ... ... ... ... ... ... 9t 

The Machinery of the Clyde Trustees* No S Graving Dock — ^by 

Mr Georqk H. Baxter, ... ... ... ... 257 

Cq^nipment, &c., ... .. ... ... ... ... 2i^ 

Pumping Machinery, ... ... ... ... ... 277 

jc^ngmeSj ... ... ... ... ... ... ... mti? 

Boilers and Accessories, ... ... ... ... ... 2^} 

Performance of Machinery, ... ... ... ... 2^ 

Discussion, ... ... ... ... ... .^ "2^ 

The Mechanics of the Centrifugal Machine — by Mr C. A. Matthey, 2£ 

Measurement of Centrifugal Force, ... ... .. ... 233 

Large versus Small Machines, ... ... ... ... 240 

*' Weston" machine, ... ... ... ... ...342,249 

Properties of the Gyroscope, ... ... ... ... 245 

Discussion, ... ... ... ... ... ... 233 

Tlie Problem of Combustion in Water-tube Boilers, and a means of 

its Solution— hy Mr James Weir, . . ... ... it 

Combustion, ... ... ... ... ... ... 14 

Heatiug Surface, ... ... ... ... ... ... 16 

" Weir " Water-Tube Boiler, ... ... ... ... 17 

Absence of Smoke, ... ... ... ... ... 19 

Suitability uf *' Weir ' Boiler for bnming any kind of Coal, .. SCi 

Discussion, ... ... ... ... ... ... 23 

T/ie Transmission of Heat through Plates from Hot Oases to Water — 

by Mr Geobge Hallidav, Wh.Sc, ... ... ... 41 



INDEX. 



46S 



Furnace Gases, 

„ Temperatare, 

Combustion, 

Transmission of Heat, 

Boiler Evaporation , 

Discussion, 
Trapezoidal Rule, 
Treasurer's Statement, 

Valves, « • Parole " type, 

Visits to Works at Sheffield, . . . 

Water-Tube Boilers, Combustion in, 
* * Watt " Anniversary Dinner, . . . 
Weight of Structures, Influence of, 
« • Weir " Water-Tube Boiler, . . . 
Welbeck Abbey, Excursion to, ... 
'* Weston" Centrifugal Machine, 
Wilson, John, Memoir of. 



« • • » « ■ 


PAOB 

42 




44 




44 




48 




58 




65 




178 




389 




213 




90 




12 




361 




332 




17 




91 




... 242, 249 




411 



::lV 



rte. 




.!& 





so 



22 



I* 



lO 



PLAJTJs xn. 



B QiMmtttw 0/ ITator (li0e*tfry«i 6y hw W jmrnmr, in tAou<iut^jr 6f 
«i6i0/eee pw mintito. ^ 

C Feloetty CAroti^/k two 00* p^pM, in Art, jmt mmimI. 

E ilddttiofHil A«Mlto&tfa{loiwd/»rA<ceidfi<n0<M!« 
in «aZeuleit<iisr ir«(«r JTotm Pmwt. 

f: Notb: Th» dtBktnee meamred MrtUattM between 
hne$ A and ■, from any point in the former, 
will ffiv4, for the eorretponding time, the total 
head qf water then being jmii^Mtf againtt. 

G Mean Indieated Hone Potter during intervale of 
10 mintUee eaeh, 

H Mean Water Horee Power, 

J Mean oonMned ejleieney of Ptimpe and Bnginee. 

K Mean Pretevre on eaeh engine. 

L Mean Reeolutione per minute during intervale qt 
10 minutee eaeh. 



TRIAL ON 28ih PKBRUARY, 1800. 

TMf trial took plaee under orrfinofy oondMone of 
working. 

Four boiiert were ueed, without indntced dtraw-ght. 

Feed WaUr ten^erature, 19(f,Fahr., 

Coal eoniumed during Trial wot 70^ ewte. after 
eteam had been raieed to 90 lb. per square indi. 

Steam wew weUmaintmined throughout the trioL 

Draught of Water at etarting, 27 feet ineide. 
S7 feet outeide. Dock emptiM in 90 mimitee. 
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